
1 3

DOI 10.1007/s11858-015-0750-z
ZDM Mathematics Education

ORIGINAL ARTICLE

Connecting observations of student and teacher learning:  
an examination of dialogic processes in Lesson Study discussions 
in mathematics

Paul Warwick1 · Maria Vrikki1 · Jan D. Vermunt1 · Neil Mercer1 · 
Nicolette van Halem2 

Accepted: 16 December 2015 
© The Author(s) 2016. This article is published with open access at Springerlink.com

evidence of ‘supportive moves’ in interactions suggest that 
a form of dialogic space is necessary if all teachers in a 
Lesson Study group are to learn from shared understand-
ings about future teaching and learning needs.
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1 Introduction

This paper draws on data from a large-scale LS research 
project carried out with primary and secondary mathemat-
ics teachers by a leading UK University and schools in a 
London borough (district). Within the body of research on 
how teachers learn, Lesson Study (hereafter ‘LS’) is widely 
acknowledged as an effective means of pursuing profes-
sional development (Borko, Jacobs and Koellner, 2010); 
and it is now firmly established within the UK (Dudley, 
2012). By enabling teachers to work together within an 
established professional community, LS offers the opportu-
nity to gain a more profound understanding of both student 
learning and their own pedagogical approaches. Further, it 
enables the sharing of these insights with colleagues, either 
within their own schools or across schools in a district. 
This may be of particular importance in a time of curricular 
change (Chen and Yang, 2013; Lewis and Takahashi, 2013; 
Lewis and Tsuchida, 1998), so it is worth noting that the 
project that underpins this paper was a specific response to 
the introduction of a new National Curriculum for Math-
ematics in the UK from 2013/2014.

The interim report for the project indicates substantial 
developments for both teachers and learners that seem to 
correlate with immersion in LS (Ylonen, Dudley and Lang, 
2014). A survey focused on confidence in teaching 
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mathematics within the new National Curriculum high-
lighted that, for 32 identified areas of mathematics teach-
ing, teacher confidence pre-project reached a figure of 70 % 
in only 7 areas, whilst the figure was above 70 % in 24 
areas by mid-way through the project. A generic teacher 
mathematics confidence survey revealed that, of 38 areas of 
mathematics examined, there was only one where over 
75 % of teachers were very confident or expert prior to the 
LS project; mid-way through the project there was a 21 % 
increase in the number of teachers who were either very 
confident or had expertise in the 38 areas examined. The 
statistical indicators about student progress in mathematics 
in the project schools compared to other schools, both in 
the borough and nationally, were also very encouraging. 
There was a 3 % increase in pupils attaining Level 51 or 
above in mathematics in the participating schools, whilst in 
the borough overall and nationally the increase was only 
1 % during the same time period.

In the UK at least, teacher professional development 
programmes have historically rarely been assessed on out-
comes (Opfer & Peddar, 2011) and the impact of such pro-
grammes has often been significantly under-evaluated (Har-
ris, Day, Goodall, Lindsay & Muijs, 2006). The evaluated 
findings of outcomes for this project are therefore not only 
encouraging; they support the view that higher levels of 
evaluation consider participants’ use of new knowledge and 
skills, together with students’ learning outcomes (Guskey, 
2002). Interestingly, LS does seem to provide more studies 
that consider these higher levels of evaluation than those 
concerned with other forms of teacher professional devel-
opment (Cheung and Wong, 2014; Dudley, 2012; Kullberg 
2012; Murata, Bofferding, Pothen and Taylor, 2012).

The intention of the paper is to examine the specific dia-
logic mechanisms that enable teacher learning to take place 
in the context of LS. LS seems to make a positive differ-
ence to both teacher and student learning, but what are the 
‘internal mechanisms’ of LS discussions?

2  Theoretical framework

Research on Lesson Study echoes many of the themes 
found within the broader literature on teachers’ learning 
(Bakkenes, Vermunt and Wubbels, 2010) and in work on 
the interaction of teachers within a professional commu-
nity (Lieberman and Miller, 2008; McLaughlin and Tal-
bert, 2006). The idea of intervention models that support 
professional development, explicitly by creating a context 

1 At present, National Curriculum attainment in the UK is measured 
in ‘Levels’. Level 5 represents a good level of attainment for pupils 
leaving primary schools.

for professional interaction, is of particular relevance here, 
since it fits within a wider framework of teacher learning. 
Building on the work of Vermunt and Endedijk (2011), 
which considers patterns in teacher learning, we see LS as 
a ‘contextual factor’ that may lead to the creation of posi-
tive learning patterns, in turn resulting in teacher learning. 
Thus, we would broaden Vermunt and Endedijk’s model of 
teacher learning in the following way in the context of LS 
(Fig. 1).

Some features of LS mirror successful elements of other 
professional learning activities. For example, Kwakman 
(2003) emphasises the importance of reflecting and coop-
erating, whilst in other studies on how experienced teachers 
learn from their professional practice (Bakkenes, Vermunt 
and Wubbels, 2010; Tynjälä, 2008) collaboration in teams, 
and cooperating and interacting with colleagues are seen as 
vital components of professional learning.

Thus interaction, the sharing of ideas, and collabora-
tion and cooperation with colleagues, seem central to the 
learning activities that are likely to lead to positive learn-
ing outcomes for teachers. Yet what makes the nature of 
interactions that occur in teacher discussions more or less 
“conducive to learning and improvement” (Horn and Little 
2010, p. 183) is generally unclear, even within the relatively 
structured expectations of LS. Our research is designed to 
clarify this. It focuses on mathematics education and is one 
of relatively limited number of studies that consider spe-
cific ways in which teachers talk together about students’ 
performance and subsequently link this to their practical 
understanding of teaching and learning (Dudley, 2013; 
Suzuki, 2012; Tepylo and Moss 2011).

We focus explicitly on how shared information about 
student performance can act as a mediating artefact for 
the development of common knowledge amongst teach-
ers (Engstrom, 2003; Edwards, 2012; Edwards and Mer-
cer, 1987). We also focus on the nature of the professional 
learning outcomes, evident as developed pedagogic inten-
tions that arise from teachers using information about stu-
dent performance. We thus take a sociocultural perspec-
tive, built from the original work of Vygotsky (1978; see 
also Daniels, 2001), who proposed a special relationship 
between language use and thinking. His concern was with 
interactions between adults and children for promoting 
children’s cognitive development; but here we are con-
cerned with the use of language by peers in the pursuit 
of common goals (as are Littleton and Mercer, 2013). By 
combining their intellectual resources, members of a group 
are able to address a shared problem and pursue a common 
goal more effectively than they could alone. In using lan-
guage to make joint sense of their experience, those peo-
ple may create new understandings which each individual 
could not have achieved. It is this capacity which makes 
the relationship between language and thinking so special, 
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and so distinctively human. The term ‘interthinking’ (Lit-
tleton and Mercer, 2013) was coined to convey the mean-
ing that people cannot only act together (interact), they can 
think together (interthink). We extend this idea to suggest 
that teachers’ interthinking may help to develop the kind of 
Pedagogical Content Knowledge (Schulman, 1986) iden-
tified by Ball, Thames & Phelps (2008) as Knowledge of 
Content and Students (KCS)—“knowledge that combines 
knowing about students and knowing about mathematics” 
(p. 401).

Whilst the “established body of literature (on interac-
tions in formal instructional contexts) looks at student-to-
student and teacher-to-student interactions” (Liu, 2013, 
p. 196), in this paper we consider the relevance of such 
ideas to the specific circumstances of LS reflective discus-
sions between teachers. Where teachers are collaborating 
it seems likely that they will have “a co-ordinated joint 
commitment to a shared goal, reciprocity, mutuality and 
the continual (re)negotiation of meaning” (Mercer and Lit-
tleton, 2007, p. 25). Thus, one or more perspectives may 
be held in tension as a ‘dialogic space’ is created in which 
teachers can “engage with each other and, in a sense, learn 
to see the task through each other’s eyes” (Wegerif, 2007, 
p. 4). This idea of “thinking … in dialogues” (Wegerif, 
2007, p. 116) seems highly pertinent in the context of LS 
discussions.

Our hypothesis here might be presented as follows 
(Fig. 2):

Here, the nature of the learning activity around the 
mediating artefact of reported student performance is given 
greater definition, whilst the nature of the learning out-
comes is also defined; it relates to future teaching inten-
tions and implies pedagogical development. At the centre 

of the dialogic space is genuine collaborative endeavour, an 
extrapolation of more generalised understanding of student 
learning in mathematics and “a continued attempt is made 
by those involved to construct and maintain a shared con-
ception of the problems they are solving” (Ferguson, 2009, 
p. 39).

In their work on the relevance of the Japanese LS 
model to other cultural contexts, Doig and Groves (2011, 
p. 87) point to the importance of this sharing of profes-
sional perspectives in communities of inquiry through LS, 
where types of knowledge are made visible and frame-
works for analysis of practice are developed (Lewis, Perry 
and Hurd 2009). Numerous recent studies echo the idea 
that the central driver of teacher learning within LS is 
interaction within a professional community of practice 
(Cajkler, Wood, Norton and Pedder, 2013; Chichibu and 
Kihara, 2013; Davies and Dunhill 2008; Hart and Carri-
ere, 2011). Doig and Groves (2011), for example, cite the 
work of Catherine Lewis and her collaborators in stating 
the importance of teachers seeing LS as an opportunity to 
learn to ‘see’ students through systematic data gathering 
and through the sharing of ideas in teacher discussions. 
Other studies add detail about the nature of teacher interac-
tions in LS groups. Suzuki (2012), for example, analyses 
modes of discourse used in LS and suggests six discursive 
modes that are conventionally employed. And Fernandez 
(2010), in linking LS discussions to Schön’s (1983) notion 
of reflection in action, indicates the importance of teachers 
feeling comfortable with contributing ideas, raising alterna-
tive perspectives and supporting views with evidence.

A logic of expected improvement drives LS (Lewis, 
Fischman, Riggs and Wasserman, 2013) and it is the pur-
pose of this paper to consider what is happening in LS 

Fig. 1  A model of teacher 
learning in the context of lesson 
study
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dialogic spaces where just a positive correlation between 
teacher and student outcomes is occurring. Are there 
particular environmental conditions that might lead to 
more or less productive interaction amongst LS teacher 
groups? Certainly, Perry and Lewis (2009) have a cau-
tionary tale to tell: In examining what might constitute 
successful adaptation of LS to the US, they show how 
a lack of guidance for teachers in the initial phases of a 
lesson study cycle meant that teacher outcomes “varied 
substantially in their lesson study approaches and in the 
learning that resulted from their work” (p. 372). In the 
project that forms the basis of this paper great care was 
consequently taken to ensure the provision of clear pro-
cedures for teacher groups working independently on LS 
research. This was done in three ways: through LS con-
ference days, where all of the teachers in the project had 
the opportunity to share experiences of LS on a termly 
basis; through the provision of a common LS work-
book that guided key elements of the planning, teach-
ing and reflection cycle; and, building on our own work 
on ground rules for dialogue (e.g. Littleton and Mercer 
2013; Mercer 2013; Mercer and Littleton 2007; Warwick, 

Mercer, Kershner and Kleine Staarman, 2010), designed 
to raise teachers’ awareness of the features of group talk 
that are usually present where a dialogic space for learn-
ing is evident.

Given, then, that it has been suggested that profes-
sional development practices based on professional dia-
logue about teaching and learning are the most valuable 
in enhancing teachers’ instructional practices (Warwick, 
Rivers & Aggleston 2004), this paper will present and 
analyse examples of teachers’ lesson discussions where 
the performance of individual students in mathematics 

Fig. 2  Conceptualising a dialogic space for pedagogical development through LS

Fig. 3  Timeline of the project
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is the focus. It will address the problem of how the spe-
cific components of dialogue can be evidenced, and which 
are essential in helping teachers collectively move their 
pedagogy forward. The paper thus addresses two research 
questions:

1. How does the joint analysis of students’ behaviours 
in LS research lessons help teachers to develop their 
pedagogical intentions in mathematics?

2. Are there dialogic mechanisms in LS groups that pro-
mote agreement around developed pedagogic inten-
tions?

3  Methodology

3.1  Project aims

The wider, two-year research project (September 2013–
August 2015), within which the analysis for this paper 
took place, sought to investigate whether LS had an 
influence on both the learning and regulation activities 
teachers undertake and on teachers’ mathematical sub-
ject knowledge, pedagogical content knowledge, math-
ematical teaching practices, motivation, and conceptions 
of learning and teaching. More specifically, the project 
aimed to:

•	 Identify more or less powerful components of teacher 
discussions taking place in Lesson Study sessions that 
can support and foster teacher learning;

•	 Understand how and why Lesson Study teacher dis-
cussions may impact upon teacher learning;

•	 Contribute to theory development about understanding 
and improving teacher learning in the context of edu-
cational innovation.

3.2  Data collection

In the first year of the project, Mathematics teachers from 
22 primary2 and secondary schools in the area of Camden, 
London, participated in the project. This number increased 
to 56 schools (15 continuing and 41 new schools) across 
London in the second year of the project. Teachers who 
taught mathematics within each school were required to 
form small groups, normally consisting of 3 to 4 teachers, 
and conduct one Lesson Study every term. The project 
lasted for six terms over the 2 years, so teachers from 
schools that entered the project on the first year (Cohort 1) 
had the opportunity to participate in all six Lesson Studies, 
while teachers from schools that entered the project on the 
second year (Cohort 2) had the opportunity to participate in 
the three latter Lesson Studies (see Fig. 3).

As proposed by Dudley (2013), one Lesson Study 
consisted of 3 research lessons, all preceded by a plan-
ning meeting and followed by a reflective meeting (Fig. 4 
below). In the planning meetings, teachers collaboratively 
considered the aims of the research lesson, selected three 
case students that they would monitor closely and created a 
thorough lesson plan for each research lesson. An additional 
element in this LS process was the use of interviews with 
case pupils, which took place after the research lessons and 
served to provide teachers with more in-depth data of stu-
dent progress. In the reflective meetings, teachers reflected 
on the research lesson by evaluating the progress of each 
case pupil in relation to the pre-determined success criteria, 
considering the interview data, evaluating the teaching in 
relation to student learning, and considering what aspects of 

2 It should be noted that the primary teachers involved were not 
teachers purely of mathematics but had responsibility for teaching a 
full curriculum to their classes.

Fig. 4  The Lesson Study pro-
cess (Dudley, 2013: 108)
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their teaching could be adjusted to improve the progress of 
case pupils, and consequently that of the whole class.

Data for the project comes from two main sources:

1. Video-recordings of the LS planning and reflective ses-
sions conducted in each school, roughly ranging from 
20 min to 1 h in terms of length. Teachers acted as co-
researchers throughout the project, video-recording 
their LS meetings using school equipment; sending 
their video data to the research team; and engaging 
with the findings of the project during project events. 
In these events, the research team provided feedback 
on the progress of the teachers in the LS context and 
teachers were actively involved in interpreting some 
of the data by sharing their views and reflecting on 
their experience. The video data were accompanied by 
the LS workbooks mentioned above. The workbooks 
assisted teachers’ discussions by directing them to pro-
vide information on the lesson objectives of the LS 
cycle, lesson plans, success criteria set for each case 
pupil, and lesson observation information. These were 
completed by the teachers during their LS meetings.

2. Survey data were collected at three different time 
points during the project and aimed to examine teacher 
learning over time.

For the present paper, data is drawn from the first source 
and from a single data collection phase only, as the focus is 
on teachers’ discussions in LS meetings. The survey data 
will be presented in a separate paper.

3.3  Development of a coding scheme

A significant part of the overall project concerned the 
production and development of a protocol for analysing 
teacher learning in the context of LS. It seems important 
to provide information here about the overall development 
of the protocol, in order to contextualise the specific use of 
protocol elements in the work carried out for this paper; the 
detailed development of the protocol is in the focus of a 
coming paper.

The methodology for the protocol construction was built 
upon that of studies that detail the use of digital video as a 
key tool in capturing the complexity of teaching and learn-
ing processes (Powell, Francisco and Maher, 2003; Soren-
son, Newton and Harrison, 2006). The protocol (Appen-
dix) is comprised of three sections, with features arrived at 
through methods associated with Sociocultural Discourse 
Analysis (SDCA: Mercer, 2004; Mercer, Littleton and 
Wegerif, 2004); this focuses on “the use of language as a 
social mode of thinking – a tool for teaching-and-learning, 
constructing knowledge, creating joint understanding and 
tackling problems collaboratively” (p. 137).

As Mercer (2004) points out, “[t]alk which mediates 
joint intellectual activity poses a considerable methodologi-
cal challenge for a discourse analyst because of its reflex-
ivity” (p. 140). SDCA attempts to capture the constructed 
meaning of talk for participants, placing more emphasis on 
the developing common knowledge that emerges through 
the interaction and the social and cultural context of the 
talk than, say, Conversational Analysis (Heritage and Clay-
man, 2010), with its focus on the structure of the interac-
tion. It is essentially an agglomeration of methods, both 
qualitative and quantitative.

In light of the literature and using SCDA in the man-
ner described below, a collaborative video and document 
analysis by members of the research team led to a detailed 
characterisation of three elements in these LS discussions:

1. the characteristics of the discourse;
2. the content of discussion and;
3. the nature of teacher learning.

Having established these initial working protocol cat-
egories at each of the six phases of the project, new vid-
eos from LS meetings were analysed. On the initial anal-
ysis phases, a team of researchers adopted a qualitative 
approach to the analysis of the videos and tried to identify 
features that characterized the three elements above. For 
the discourse column, the researchers noted down anything 
that seemed to be answering the question of what makes 
a productive discussion; for the content column, how 
and what do teachers are discussing; and for the learning 
outcomes column, they noted statements that suggested 
teacher learning. The result of this process was three lists 
of features that, as the project progressed, needed to be 
simplified for the purposes of reliability. The protocol was 
therefore iteratively developed through each analysis phase, 
until a more simplified and reliable version was created 
through the comparison of researcher coding of specific 
videos (the details of this process will be described in a 
separate paper).

After building and testing the protocol through the re-
visiting of numerous video-recordings of different LS dis-
cussions, the version of the protocol used for the analysis 
undertaken in this paper was eventually agreed (see 
“Appendix”).3 This consists of three major categories: (1) 
Discourse-related Features detail important elements of 
talk that contribute to a collaborative and productive learn-
ing environment; (2) Content-related Features points to 

3 It should be noted that the process of protocol development con-
tinues through the analysis of further data and through dialogue with 
the teachers as ‘co-researchers’ on this research and development pro-
ject. Further work by the research team will provide a more detailed 
account of the construction of the protocol.
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teachers’ mental processes in relation to specific content; 
and (3) Learning Points identify types of teacher learning 
from LS discussions, with direct reference to teaching 
mathematics, understanding students’ learning and learning 
about the subject of mathematics. Therefore, the protocol 
reflects the combination of two different theoretical frame-
works, which seem to be crucial in understanding how 
teacher learning occurs in the LS context. First, the dis-
course element of the protocol represents how social inter-
action is best achieved; from a sociocultural perspective 
this is central to individual learning. Second, Vermunt and 
Endedijk’s model of teacher learning (see Fig. 1), which 
represents the relationship between teacher learning pro-
cesses and learning outcomes, constitutes a second central 
foundation for the protocol. In particular, the discourse-
related features and content-related features reflect ways in 
which learning processes can be enabled. The outcome of 
those processes is represented by the ‘learning points’ 
column.

The version of the protocol presented in Appendix 1, 
then, was used for quantitative coding of the videos con-
sidered for this paper. All videos were segmented into 
4-min episodes, a grain size determined by taking into 
account issues such as pace of activity, nature of cod-
ing categories and cognitive load of the coder (Angelillo, 
Rogoff & Chavajay, 2007); NVivo, a software package for 
qualitative analysis, was used to capture coding outcomes. 
Raters coded each 4-min episode by determining whether 
or not a code from the protocol could be observed in the 
discussion.

3.4  Sampling video data

Video data for this paper came from the LS meetings of 
Cohort 1 teachers on the third phase of the project (Sum-
mer Term 2014), the Cross-Phase round. In this round, the 
teacher groups included both primary and secondary school 
teachers; secondary school teachers joined teachers of pri-
mary schools to plan lessons for the latter’s selected class, 
and vice versa. We were particularly interested in examin-
ing the dynamic of the dialogue in cross-phase work, partly 
to examine whether there was a ‘power dynamic’ at play 
in the dialogue between specialists and non-specialists. As 
shown in Table 1 below, data come from four different LS 

groups taking place at four different schools; two primary 
and two secondary schools.

In identifying video episodes which illustrate our pro-
posed diagram (Fig. 2), episodes beginning with an analy-
sis of an individual’s performance and ending with teacher 
learning development (in terms of stated pedagogic inten-
tions) were selected; we only considered in details those 
post-lesson reflective meetings where this was evident in 
an initial analysis. The exact number of reflective meetings 
analysed in this phase of the project is given in the table 
below.

In order to identify relevant episodes from these videos, 
the protocol codes, and in particular codes P3 and PCK2 
(Appendix) were used as start and end points. As shown 
on the protocol, code P3 was used when teachers evaluated 
students’ performances. This student evaluation comes after 
the behaviour and progress of case pupils have been very 
closely monitored by the observing teachers. Code PCK2 
pointed to some kind of pedagogical change in teach-
ers’ understanding and, as we have explained above, the 
linking of P3 and PCK2 seems to us to indicate “knowl-
edge that combines knowing about students and know-
ing about mathematics” (Ball, Thames & Phelps, 2008, 
p. 401). This could either be an incremental change at the 
level of teaching strategies or a broader understanding of 
pedagogy. Relating PCK2 and P3 (P3 either in the same 
or the previous episode) thus provided the basis for select-
ing episode for closer examination in relation to dialogic 
processes, which are the central focus of this paper. As 
shown in Table 1 above, this type of coding gave a total of 
9 episodes.

3.5  Analysis

For the analysis of the nine episodes, a more in-depth 
analysis was required so a qualitative design was chosen to 
attain the grounded insights from the observed dialogues 
between the involved teachers (Cresswell, 2007). Tran-
scriptions of the nine episodes were first analysed using 
open coding. More specifically, each turn in the transcrip-
tions was coded based on the protocol developed as part of 
the larger project.

The open coding process revealed a variety of dialogic 
moves, which were reconsidered and organised according 

Table 1  Cross-phase sample Primary/secondary Number of reflective videos Number of relevant episodes

LS Group 1 Primary 1 1

LS Group 2 Primary 3 2

LS Group 3 Secondary 3 1

LS Group 4 Secondary 3 5

Total 10 9
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to the themes that emerged from the data in a following 
phase of axial coding. This resulted in 5 moves that were 
considered most important for the efficacy of the dialogue. 
In Table 2, an overview is provided of the extent to which 
these moves were represented in the 9 episodes.

These codes are might be seen as ‘essential elements’ of the 
5 codes for discourse-features of the protocol. The first move, 
questioning, is reflected in the first code of the protocol, which 
refers to requesting information, opinion or clarifications (D1). 
This behaviour could include negotiating meaning and ques-
tioning. The next two moves, building on each other’s ideas 
and coming to some agreement, are reflected in the third proto-
col code. This code refers to expressing shared ideas and agree-
ment (D3); importantly here, the co-construction of knowledge 
takes place when participants in dialogue make contributions 
that build on each other and where participants work towards a 
dialogic resolution (Howe, 2010). The fourth identified move, 
providing evidence or reasoning, is again reflected in the fourth 
protocol code, which is used whenever teachers illustrated their 
arguments. Finally, challenging each other is reflected in the 
fifth protocol code, which accounts for challenging ideas or re-
focusing talk (D5), in the form of positive professional critique. 
By evaluating the quality of talk based on these codes, all 9 epi-
sodes were considered to be highly dialogic.

By scrutinizing the data with open coding, however, it 
became clear that there were qualitative differences in the 
coding. In particular, two levels of dialogic features could be 
observed: ‘dialogic moves’ and ‘supportive moves’. Dialogic 
moves were reflected in contributions that brought the con-
versation further to a collaborative learning experience, such 
as those presented in Table 2. Apart from the dialogic moves 
however, it became clear that certain interactional cues were 
crucial for the creation of dialogic space, in which the teach-
ers felt supported in expressing their views. Specifically, 
these supportive contributions could be found either physi-
cally (e.g. nodding) or verbally (e.g. minimal responses), in 
teachers being non-disputational, and creating a friendly and 

relaxing environment. These ‘supportive moves’ are reflected 
in the second protocol code (D2). The interaction of the 
dialogic moves and the supportive moves played a key role 
in creating a productive learning environment; or in other 
words, in developing a dialogic space for teacher learning.

Although determining the quality of analysis is a 
requirement for all kinds of studies, in this case it is a 
specific matter of attention, since the process of analysis 
involves many interpretations and iterations, which makes 
it impossible to use standard procedures. Akkerman, 
Admiraal, Brekelmans & Oost (2008) describe how it is 
possible to ensure the quality of findings by evaluating 
the extent to which the results is visibly grounded in the 
data, by evaluating the comprehensibility of the results 
with respect to the field of teacher learning, and by evalu-
ating the acceptability of the results one is able to ensure 
the quality of the findings. Accordingly, meetings with 
the research group were held to discuss the quality of the 
findings of this analysis in respect to these aspects.

4  Findings

To give a flavour of both the data and the analysis, we 
present one case study from Table 2; it is seen as repre-
sentative of the kinds of reflective discussions that led to 
changed pedagogical intentions amongst the teachers 
involved. It should be noted, however, that it is not neces-
sarily representative of the content of each discussion, as 
this was determined by the observations made of the focus 
students analysed by each teacher group.

4.1  Case study

This case study is from a primary school where the teachers’ 
concerns are focused on students who are not lower ability 
groupings in a mixed-ability class. There is a clear concern 

Table 2  Frequency of ‘key’ moves per investigated episode

Group Episode Questioning Building on  
each other’s idea

Coming to an agreement Providing evidence or 
reasoning

Challenging 
each other

LS Group 1 Episode 1 0 5 0 8 0

LS Group 2 Episode 2 5 11 1 6 3

Episode 3 4 2 14 5 0

LS Group 3 Episode 4 1 3 5 3 1

LS Group 4 Episode 5 6 5 1 3 0

Episode 6 4 7 9 4 4

Episode 7 1 9 1 3 0

Episode 8 1 8 1 3 0

Episode 9 1 9 1 2 0

Total 24 59 33 37 8
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with the clarity of language used in mathematics classrooms. 
The research lesson was the first in a series of three carried 
out at Oakwood Primary school with a Year 5 class (aged 
9–10 years); it is LS Group 4, Episode 7 in Table 2 above. 
The focus was on improving students’ mathematical reason-
ing, expressed through the ways in which they discuss and 
explain their mathematical ideas. These intentions are in line 
with the new Mathematics National Curriculum in England 
which states that ‘students should make connections across 
mathematical ideas to develop fluency, mathematical reason-
ing and competence in solving increasingly sophisticated 
problems’ (Department for Education, 2013: 3).

The class teacher (T) and observing teacher 1 (OT1) were 
from the primary school. Observing teacher 2 (OT2) was 
from another primary school and observing teacher 3 (OT3) 
was a maths specialist from a secondary school. Following 
the first planning meeting, the teachers prepared a lesson 
plan for the first research lesson, which was divided into four 
main stages. At Stage 1 children, working in small groups, 
were given a percentage, a fraction and decimals. They were 
asked to put those in order of size and to demonstrate how 
they know this was the correct order by using examples with 
numbers, symbols, drawing and other equipment. At Stage 
2 children were shown the statement ‘A fraction is a small 
piece of a whole’ and were given 5 min to think how they 
could prove or disprove that statement. Stage 3 was similar 
to Stage 2 in that the same activity of proving or disproving 
a given statement was conducted in groups. Finally, Stage 
4 involved students feeding back on their discussion on the 
statement by using the interactive whiteboard.

In the subsequent reflective meeting, although the dis-
cussion started with an articulation of the performance of 
a specified observed student (‘him’ in turn 8 below) and 
returned to consider another individual (turn 16), it extrap-
olates from these individuals to consider the wider groups 
within which they were working (see Fig. 2 above). The 
transcript segments additionally illustrate the problem-
solving nature of interactions within a dialogic space.

The lesson involved placing fractions, decimals and per-
centages in order; considering statements about smaller and 
larger fractions; and providing mathematical proofs for com-
parative statements about fractions. The first student identi-
fied for observation (turn 8) was predicted to ‘want to explain 
and demonstrate how he has proved/disproved’. The second 
student identified for observation (turn 16) was predicted 
to ‘lack some of the mathematical vocabulary’ required for 
these tasks. The second student was therefore seen as being 
less secure in his ability to reason mathematically.

Turns Dialogue  
moves

Supportive 
moves

1 OT2: One of the 
things I noticed 
was a maths 
vocabulary.  
That isn’t […]  
on the children 
who are talking 
among them-
selves. They 
weren’t neces-
sarily using  
the appropriate 
maths vocabu-
lary…

Raising an issue

2 OT1 + T: Yeah √
3 OT2: …and  

maybe that’s  
one thing that  
we could look  
at in terms of  
the children  
and the  
vocabulary

Building on ideas 
(D3)

4 OT1: Sometimes  
I find they 
couldn’t even 
articulate them-
selves so…

Building on ideas 
(D3)

5 OT2: No. Hm √
6 OT1: So they  

actually call 
‘there’s a big 
piece’…

Providing evi-dence 
(D4)

7 OT2: Hmm √
8 OT1: I was like  

‘ok what do  
you mean?’ But 
when T stepped 
into try and help 
him he couldn’t  
make it any 
clearer either. 
So you’re 
definitely right. 
That is missing

Providing evi-dence 
(D4)

9 All: Hmm √
10 T: They think if 

they just throw 
a few numbers 
there, then  
they’re talk- 
ing in maths 
language…

Building on ideas 
(D3)

11 OT2: Hmm √
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Turns Dialogue  
moves

Supportive 
moves

12 T: But it’s using  
the precise lan-
guage that they 
need to explain 
themselves

Building on ideas 
(D3)

13 OT1: And they 
know that you 
know what they 
mean as well so  
I think they’re  
too used to say-
ing some things. 
‘Oh you get  
what I mean’. 
I was like ‘I do 
understand what 
you mean…’

Building on ideas 
(D3)

14 All: Hmm [nod-
ding]

√

15 OT1: ‘…but still 
it’s not very  
mathematical’

(continuing from 
turn 14)

At the start of this extract, which follows from the 
detailing of the performance of the observed students a 
common issue is identified for discussion. The teachers 
identify, once again, the centrality of appropriate math-
ematical language to mathematical reasoning, in line with 
the lesson intentions (Ball and Bass 2000). The first stu-
dent, though predicted as being likely to want to ‘explain 
and demonstrate’ his understanding, was nevertheless fairly 
imprecise in his use of mathematical language. The teach-
ers identify a wider problem whereby students are using 
everyday language to express mathematical concepts and 
‘just throw[ing] a few numbers [in]’ (turn 10), rather than 
focusing on the precise terminology that enables collective 
understanding in the domain of mathematics. This does not 
necessarily mean that the students do not understand the 
concepts that they are addressing, but the teachers are con-
cerned that they need to develop the ability to communicate 
mathematics by using universally understood terms. What 
the observed students are doing is, in the words of OT1, 
‘not very mathematical’ (turn 15).

This understanding is shared within a dialogic space, 
where again we see supportive moves throughout, but also 
certain dialogic moves to be very prominent. After one 
teacher raises an issue, the others build on the initial idea 
but also illustrate their observations. These moves allow the 
cumulative building on the ideas which lead towards agree-
ment on pedagogic development.

Turns Dialogue  
moves

Supportive 
moves

16 T2: So maybe 
even having…
I’m thinking 
of the child 
that was on 
my table. 
He was very 
reluctant to 
speak. Maybe 
he would 
benefit from 
some sentence 
openers…

Making a sug-
gestion

17 OT1: Yeah √
18 OT2: And 

you know 
specific maths 
vocabulary 
related to the 
topic. Umm 
and then hope-
fully they’ll 
have a starting 
point to, you 
know, to use 
the appropri-
ate maths 
vocabulary

Building on 
ideas (D3)

19 OT3: Well, if 
you challenge 
non-specific 
language that 
came through 
examples, it 
forces them 
to be more 
specific [other 
teachers nod 
in agreement]. 
So ‘it’s a big 
piece’. You 
could maybe 
you know give 
them some-
thing which 
is almost a 
half but which 
isn’t. I’m 
struggling 
to find an 
example of 
that but em…
just challenge 
the words and 
things that fit 
their definition 
but which […]

Building on 
ideas (D3)

√ (nodding)
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Turns Dialogue  
moves

Supportive 
moves

20 OT1: I mean that 
could be quite 
interesting to 
start off tomor-
row’s lesson, 
couldn’t it? 
[all nod]. So I 
mean almost 
quoting state-
ments that 
we’ve heard 
and then say, 
talk to them in 
various ways 
it could be 
interpreted

Questioning, 
Building on 
ideas (D3)

√ (nodding)

21 OT2: Hmm √
22 OT1: Yeah that’s 

a good idea
√

23 OT2: Yeah I 
think defi-
nitely the next 
lesson’s focus 
should be 
around build-
ing on maths 
vocab. Look-
ing, looking 
at…because 
they were using 
those […] you 
could see what 
they were try-
ing to say…

Coming to some 
agreement, 
Providing rea-
soning (D4)

24 OT1&T: Yeah. √
25 But you’re right. 

It wasn’t very 
articulate. 
Because I’m 
just think-
ing, had the 
children were 
expected […] 
improved. I 
know we didn’t 
get them to do 
that because 
that wasn’t 
the point but I 
think that the 
children on my 
table, the boy 
in particular 
was struggling

Building on 
ideas (D3)

26 OT1: Yeah √

This passage initially revealed that the second student was more 
hesitant than the first in expressing his thinking at all. This find-
ing chimes with the predicted outcome for this student, that they 
would be unsure in using mathematical language appropriately. 

The discussion widens out to consider ways in which all students, 
at least in the groups associated with the targeted students, might 
be encouraged to be more specific in their use of mathematical 
vocabulary. This includes suggestions from the primary teachers 
about sentence starters and the ways in which subsequent lesson 
introductions focus on being articulate and precise in discuss-
ing mathematical concepts. Interestingly, OT3 (secondary school 
maths teacher) raises the issue of challenging the children directly 
to use more precise vocabulary, whereas the primary teachers sug-
gest what might be seen as ‘softer’ approaches.

In terms of continuing to develop the interactions within 
this dialogic space, we see evidence of the teachers build-
ing on one another’s ideas (D3) throughout (lines 18, 19, 
20 and 25) and providing reasoning (line 23). As in pre-
vious examples, supportive moves are prominent verbally 
and physically (lines, 17. 19, 20, 21, 22, 24 and 26) and 
play a key role in creating a dialogic space. All of this indi-
cates genuine engagement in a community of peers seek-
ing agreement in developing future teaching approaches.

4.2  The issue of challenge

All 5 most-frequently occurring dialogic moves appear in 
the case study, apart from one: challenging each other. In 
order to illustrate what we mean by challenging, we present 

a short extract from another of the nine episodes.

Turns Dialogic  
moves

Supportive  
moves

1 OT1: It’s the, it’s the,  
the feedback cycle.  
So it’s the same  
thing that affected 
Germaine really  
affects them all in  
one way or another.  
It’s, it’s about how  
do we do the feed- 
back cycle well

Building on ideas (D3)

2 T: Yeah √

3 OT1: And that’s our  
next big step

Coming to some agree-
ment (D3)

4 T: Yeah, but in the  
first lesson did we  
not feel like that we 
shared too much? 
Remember when  
we said that we  
would put up some 
results on the board 
that, for discussion, 
and…

Challenging (D5)

5 OT1: Oh that,  
yeah, that doesn’t 
necessarily imply  
sharing… If you l 
et them stare and  
do it in their own  
work and thinking,  
oh one example for  
four lines is not  
enough

Backing up (D4)
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The above exchange takes place between the teachers of the 
Holt secondary school. OT1 builds on an idea that was previ-
ously expressed and explains what he thinks affects students’ 
progress. With T’s supportive move on turn 2, OT1 takes this 
a step further by suggesting that this should be their next big 
step in planning lessons. However, on turn 4 T challenges 
his suggestion by reminding OT1 of a previous conversation 
they had. So here we see how challenging ideas as a dialogic 
move has a direct effect on the course of the dialogue. Where 
challenge occurred in the data set of nine dialogues, it always 
moved the dialogue forward positively towards collective 
or individual learning. Thus, though challenge only occurs 8 
times across the nine episodes (as compared for example, to 
59 cases of building on each other’s ideas) we identify it as 
particularly significant in the development of teacher learning.

5  Discussion and conclusions

Although the usefulness of the LS model in teacher devel-
opment is acknowledged in a growing number of countries, 
evidence demonstrating how and what teachers learn through 
Lesson Study is still very scarce. In this paper, we have pre-
sented a unique analysis of teachers’ reflective discussions 
that illustrates how they use information about students’ 
learning or difficulties in mathematics to develop their profes-
sional and pedagogical intentions. In reviewing the research 
questions, it is worth noting that in the episodes examined we 
found no particular ‘power dynamic’ evident in the discus-
sions between the generalist primary teachers and their sec-
ondary mathematics specialist colleagues (see Sect. 3.4).

In addressing the first research question, we identified nine epi-
sodes from teacher reflective discussions in one phase of the over-
all project’s six phases. Using relevant codes within our LS anal-
ysis protocol, we revealed those parts of the dialogue that began 
with an analysis of student learning strategies (or, in some cases, 
outcomes) and concluded with agreement on future pedagogical 
intentions. It is certainly true to say that these episodes formed 
only a small part of the total content of the teachers’ discussions 
in their reflective sessions, but we would argue strongly for their 
significance in the overall pattern of those discussions, since they 
led to teacher learning. Given their significance to teacher learning, 
teachers should consider how to maximise the number of instances 
of such discussions so that practice can be improved.

Considering the second research question, teachers were 
seen to be engaging in dialogic interactions that involved such 
features as requesting information, giving reasons, providing 
evidence, making supportive comments and articulating shared 
ideas. This is not a coincidence; unlike the teachers observed 
by Perry and Lewis (2009), these teachers were trained in the 
productive use of dialogue and professional interactions. This 
allowed them to quickly and effectively open up a dialogic space 
for interaction in which each member of the group was able to 

make relevant contributions, receive both support and appro-
priately phrased challenge from their peers and work towards 
agreed adaptations to their future pedagogical approach. Using 
LS as a “joint enterprise” that binds community members 
together, they used dialogues to develop a “shared repertoire” 
of understanding (Wenger 1998, p. 73). Such dialogue might 
be contrasted with the kinds of discussions where individuals 
might take a dominant role, or where power relationships within 
the group might prevent those participating from expressing 
their own perspectives or feeling a part of a collective solution.

However, what seems most significant in the analysis 
presented here is the power of particular dialogue moves in 
effecting progress in the dialogue. Questioning (including 
negotiating meaning), building on each other’s ideas, com-
ing to some agreement, providing evidence or reasoning 
and challenging seem to be dialogue moves that forward 
productive professional dialogues. The experienced teach-
ers that were the focus of this research were already at the 
centre of a community of teachers of mathematics with a 
shared interest in using LS to open up the “pedagogic black 
box” (Cajkler et al., 2013, p. 550) of mathematics teach-
ing. Here we see that a focus on specific dialogic moves in 
group interactions can considerably assist this process.

Further, two levels of dialogic features were found in the 
data; we called these ‘dialogic moves’ and ‘supportive moves’. 
Dialogic moves are accepted within groups because they were 
accompanied by supportive interactional cues that seem cru-
cial for the creation of a supportive dialogic space—a space of 
“reciprocity, mutuality (allowing) the continual (re)negotiation 
of meaning” (Mercer and Littleton, 2007, p. 25). It is specifi-
cally the interaction of the dialogic moves and the supportive 
moves that seem to create a productive learning environment.

This paper set out specifically to examine teachers’ 
pedagogical intentions in the context of LS discussions. 
However, in exploring this issue we became interested in 
discovering how the teachers themselves perceived their 
practice as having changed in response to their LS discus-
sions. After completing the research for this paper, there-
fore, we worked with 18 primary and secondary teachers 
from the original cohort of schools. We asked them to note 
three things that changed in terms of their classroom prac-
tice as a result of their participation in LS. We found ample 
evidence of stated change, including:

•	 a more targeted use of practical resources for modelling 
concepts;

•	 changing lesson structure, particularly to give students 
the time to articulate their thinking and reasoning, and 
to give scope for groups to interact more effectively;

•	 a strong focus on developing the language of mathemat-
ics, with a focus on, amongst other things, sentence start-
ers and challenging pupils to use terms appropriately;

•	 the presentation of tasks as problem-solving challenges.
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Though these are self-reported findings, the teachers 
spoke clearly about how the experience of LS discussions 
had given them the collective confidence to make changes 
to their practice that stemmed from the pedagogical inten-
tions stated in their discussions.

Though not specifically related to our research questions, 
one issue emerged from our analysis that requires comment; 
this concerns the link between conceptual understanding in 
mathematics and the ways in which teachers develop the use 
of precise mathematical vocabulary with students. In the 
presented case study it was the issue of the links between 
vocabulary and conceptual understanding that was a strong 
focus, in different ways, of the teacher LS dialogue. This 
is hardly surprising, given that “[m]athematical language 
is crucial to reasoning - to the construction of mathemati-
cal knowledge - for it provides the medium in which claims 
are developed, made, and justified” (Ball and Bass, 2000, 
p. 205). But the fact that this connection is an interesting 
and repeated theme in the data set analysed for this paper 
seems to illustrate that it deserves further attention, despite 
the work of many mathematics educators over the decades 
to suggest ways in which students can be helped to engage 
with definitions and vocabulary of mathematics (Watson 
and Mason, 2008).

With respect to themes for future research, an issue that 
we have discussed above concerns the whole question of 
pedagogical intentions being translated into pedagogical 
outcomes. The nature of the data that was analysed for this 
paper means that only teacher discussions were analysed 

and it was therefore only pedagogical intentions that were 
evidenced. We did not observe subsequent lessons to see 
what the teachers actually did in relation to their conclu-
sions from discussion; and whilst the use of workbooks 
to guide both the planning and review elements of teacher 
discussions proved an invaluable prompting mechanism for 
teachers and record for researchers, these did not require the 
teachers to review whether changes to their practice from 
one research lesson to another. This is clearly an area that 
requires further attention from academics. It should be noted 
that papers from our own research will include an in-depth 
analysis of the LS protocol (Appendix 1) and a considera-
tion of teacher learning across the length of the project.
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