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Lesson study is increasingly used throughout the world as a model of collaborative professional
learning. In this article we describe the theoretical foundations of an ongoing study which seeks to
explore how we might inform collaborative learning with a focus on the development of curriculum
coherence. The study involves collaboration between teachers and researchers in both the United
Kingdom and Japan. We draw on the theory of expansive learning as a development of Cultural
Historical Activity Theory and give insight into the potential this has to inform our work with a range
of didactical devices or artefacts that provide connections across topics of conceptual understanding
of mathematics and development over time. Expansive learning as a theoretical lens helps us
understand our exploratory work in this area and provides insights into how this may be taken
forward over the course of the study.

Introduction and Context of the Study

Lesson study is a long-established model for teacher professional development that originated in
Japan and involves a process of identifying a professional research question, collaborative lesson
planning, observing the lesson, analyzing what takes place, and reflecting on outcomes in relation to
this question in a “research lesson” (Lewis, Perry, & Murata, 2006; Lewis & Hurd, 2011). Thus lesson
study provides for collaborative professional development that “ties both theoretical and practical
learning together in a most authentic way — through teaching” (Pothen & Murata, 2006, p. 824).

This article originates from the work of an ongoing study that brings together teachers and researchers
in the United Kingdom and Japan seeking to understand how in collaboration (of teachers in each
country separately and of researchers between countries) and working within a lesson-study paradigm
they might better understand how to develop curriculum coherence. Put simply, we wish to establish
how we might gain insight into how to organise teaching to provide students with a more connected
experience of learning mathematics. The current focus has been informed by observations and
discussions of the carefully designed textbooks used by teachers in lesson study activity in Japan.

In this article we provide insight into the theoretical underpinnings of the study. In particular, we
draw on the theory of expansive learning (Engestrom, 1987, 2001) to provide insight into how we
have considered the work to date and how this is informing the design of future approaches that
support our aim to develop professional learning for curriculum coherence. The theory of expansive
learning builds on the more general cultural-historical activity theory (CHAT), which is firmly rooted
in the Russian school of social psychology originally developed by Vygotsky, Leont’ev, II’enkov,
and Davydov. In the next and following sections, we explicate the ideas appropriate to the study that
relate to CHAT and the theory of expansive learning. We provide a brief illustrative case showing
how these theoretical ideas might be harnessed to better understand how we might use lesson study
to develop coherence in curriculum implementation in mathematics.
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Cultural Historical Activity Theory, Boundaries and the Potential of the Role of Didactical
Devices

Cultural Historical Activity Theory

Cultural Historical Activity Theory (CHAT) has been increasingly used to make sense of the complex
activities that are involved when groups of individuals come together in a group to work with common
purpose to achieve some particular outcome(s). The theory provides a useful lens through which to
view how both the actions of individuals and the joint activity of the group are mediated by a range
of factors in pursuit of individual and jointly-shared goals. Particularly helpful in the case of the study
reported here is third-generation CHAT, which provides insight into interactions between two or
more systems. Consequently, ideas of boundaries, boundary crossing, and boundary objects prove
useful (Wake, Foster & Swan, 2013).

Fundamental to CHAT is the Vygotskian notion of goal-directed actions of the individual (Vygotsky,
1978). This considers how the actions of individuals are mediated by instruments. It is important to
our later analysis that we distinguish carefully at this point between the terms artefacts and
instruments. The word tool is often used instead of instrument, and this we find unproblematic, but it
is important to draw a distinction between the use of artefact and instrument/tool. Artefacts are
devices that are generally available with multiple potential uses, whereas instruments/tools are being
used for a specific purpose (Daniels, 2001). For example, the pedagogic strategy of think-pair-share
is used by teachers in classrooms around the world to facilitate constructivist, dialogic approaches to
teaching. However, the teacher’s decision to use such a device shifts it from being an available
artefact to being an instrument and we consider this as an artefact being made instrumental in its use.

A wide range of artefacts is available to teachers in classrooms, including, for example, diagrammatic
representations, texts, presentation slides, manipulatives, and non-material objects such as
discourse/language in the sense of Werstch (1991). Our study identifies three important classes of
artefacts available to the mathematics teacher: general pedagogies, mathematics-specific pedagogies
(i.e., didactics) and what we have termed didactical devices. As explained above, we see something
like think-pair-share as an example of a general pedagogy. An example of a mathematics-specific
pedagogy would be the strategy of seeking to draw learners’ attention to mathematical structure by
asking students in their lessons to give an example that demonstrates understanding of a particular
concept and then asking for “another”, “ and another”, “and another” (Watson & Mason, 2006). This
particular pedagogic strategy has generality of use in mathematics teaching, but may be of perhaps
lesser value in the teaching and learning of other subjects. In this study we are concerned with the
construct of didactical devices which are more closely connected with specific aspects of
mathematical knowledge and its structuring. We will provide examples of such devices later in this
article. It is our emerging belief that this latter category of artefact has the potential to provide an
important set of devices that can facilitate teacher learning in relation to teaching for curriculum
coherence. Importantly, here we consider the learning of both individual teachers and researchers as
well as that of the collaborative collective lesson study research group.

The notion of the goal-directed action of individuals (upper triangle in Figure 1) was expanded by
Leont’ev (1981) in second-generation activity theory to include the community in which individual
actions are aggregated in pursuit of joint activity. The lower triangles highlight the additional
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mediating nodes considered by Leont’ev, indicating how ideas of community, division of labour and
rules mediate the actions of the subject as an individual in relation to the object of activity of the
collective.

Instruments

Subject Object

Rules Community Division of labour

Figure 1: Engstrom’s Cultural-Historical Activity Theory model that introduces
mediating factors of the activity system proposed by Leont’ev that brings together individuals
in pursuit of a joint enterprise.

There are many rules, both explicit and implicit, that regulate the behaviour of individuals in
collaborative enterprise. Important to our study is the joint enterprise of lesson study and the
community of teachers and researchers that are brought together in the lesson study group. In this
case, the group develops ways of working that over time lead to expectations and rules in relation to
all stages of the lesson study cycle: identifying issues, developing a research question, planning the
research lesson, teaching and observing the research lesson, post-lesson reflections and discussion
and planning future activity. Leont’ev (1981), in his consideration of the activity of the collective,
also drew attention to the division of labour between participants, and how a sense of community
begins to determine who has agency and control over deciding the direction of the activity. Although
in lesson study as a collaborative professional activity we seek to provide a safe space in which the
views of all are respected, it is important that some responsibility for group leadership is invested in
certain individuals and that they foster a strong sense of community.

Boundaries

As individuals, we are all involved in multiple Activity Systems. Classroom teachers of mathematics,
for example, in secondary education may be organised to work collectively in a distinct mathematics
subject department. An individual teacher in this activity system is involved in different actions from
those that they carry out in other activity systems, such as classrooms. For example, as a member of
a mathematics department in a school a teacher may have a role in developing a scheme of work that
organises the curriculum for the group of teachers with whom they work, whereas in the classroom
they might directly interact with students.

Third-generation Activity Theory (Engestrdom, 2001) models relationships between the multiple
activity systems which individuals inhabit as they work towards the different goals that result from
the different overall objects of activity of the different collectives (for further discussion see, for
example, Wake, Swan & Foster, 2016). In CHAT, this simultaneous membership of, and participation
in, multiple activity systems leads to boundary crossing “as a socio-cultural difference leading to a
discontinuity in action or interaction” (Akkerman & Bakker, 2011, p. 133).
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Boundary crossing is often facilitated by boundary objects (Star & Griesemer, 1989), which are
artefacts that have different meaning and use in two or more different Activity Systems, while
retaining a common essence across systems. Didactical devices are examples of such boundary
objects: in the classroom they support the teacher's work of didactical transposition (Brousseau, 1997)
as they facilitate building on students’ current understanding to develop new conceptual
understanding, whilst in the lesson study group they provide teachers with devices that assist their
consideration of epistemological issues.

Classroom Lesson study group
Didactical Didactical
dewces devices

Subject ObJect Mathematics Object / \ Subject
/ \/ \\currICUIum7 \/ \

Community Division of labour Division of labour Community Rules

Figure 2: Interacting activity systems of classroom and lesson study group

The potential of the role of didactical devices

The notion of the transposition of ‘everyday’ knowledge of mathematics into mathematical
knowledge for teaching has been acknowledged as an important, and often problematic, issue and
explored, primarily in Western education research, for a number of decades (for example, Chevallard
(1985)). The most concise and logical way to present a curriculum specification, often referred to as
the intended curriculum (Schmidt et al., 1997), as opposed to the curriculum as enacted in the
classroom, is often far removed from how it might best be sequenced and taught. In particular, the
didactic devices that underpin specialist content knowledge for teaching (Ball et al., 2008) are rarely
explicit in curriculum specifications. In the UK, current curriculum specifications are primarily lists
of content. These are commonly organized, as in many nations, into generally accepted sub-domains
of mathematics: number and measure, algebra, geometry, probability and statistics, with many
countries drawing on the Organisation for Economic Co-operation and Development’s framework
that specifies mathematics as a domain of study (2016). The work of teachers then involves a process
of didactic transposition (Brousseau, 1997), whereby knowledge as presented in curriculum
documents is adapted in ways that make it suitable and sequenced as learning objects.

It is clear, although not explicitly emphasised in the Japanese texts, including student text books and
teaching guides, that boundary objects that support didactic transposition are introduced (what here
we are calling didactical devices). For example, the number line as a representation is used in
increasingly sophisticated manifestations again and again across the curriculum to provide a
coherence in approach to support students develop common ways of seeing concepts with which they
are familiar and to help support insight into new concepts that are introduced as objects of learning.
For example, the development of the number line as the double-number line can be used by both
teachers and learners to gain insight into their different conceptualisations of proportionality and its
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effective application in a range of contextual problems. In other work, the UK group has explored
how the double number line used in this way as a didactical device can be developed as a boundary
object to support teacher learning in a modified version of lesson study. We have found that, in
Drijvers & Trouche’s terms (2008), such a didactical device becomes an instrument that both shapes
the thinking of the user, in this case the teacher (the instrumentation process), and is in itself shaped
by the user (the instrumentalisation process). From this theoretical perspective, we are considering
how didactical devices might inform the process of curriculum design for coherence in ways that
allow for teachers to engage in co-construction of knowledge and documentary work as they engage
in the process of didactical transposition for effective learning.

Expansive Learning: an illustrative case

In an attempt to capture the multidimensional and complex nature of learning, Engestrom (1987)
draws on the theory of expansive learning which “puts the primacy on communities as learners, on
transformation and creation of culture, on horizontal movement and hybridization and on the
formation of theoretical concepts. Fundamental to this is consideration that through collaboratiion
participants construct a new object and concept for their collective activity and implement this in their
practice. Engestrom and Sanino (2010), point to a variety of interventions/studies that have drawn on
the theory of expansive learning, such as those by FitzSimons (2003) that considered adults learning
mathematics in workplaces and learning as boundary crossing in a school-unversity partnership (Tsui
and Law, 2007). Important to the theory is that the subject of learning is transformed from the learning
of the individual to the learning of the collective in ways that leads to redefinition of the object of
activity of the collective. This is perhaps best explained by reference to a specific example arising
from the work of the study to date.

Following an intial analysis of the series of Japanese text books, developed over many years by the
Japanese research team, and discussions between both research teams, three experimental lesson
studies were held in the UK in 2019 and attended by both research teams working collaboratively
with the UK teachers. The focus of the lessons was the potential of the construct of vectors as a
didactical device to support the development of mathematical knowledge across a range of lessons in
different topics in mathematics. Here, we briefly illustrate the use of the notion of “vector” as a
didactical device in relation to a lesson on the addition of directed numbers (positive and negative
numbers) for students aged 11-12. Important here is how the introduction of the construct of the
didactical device, a device that is fundamentally concerned with providing an underlying focus on
mathematical knowledge and mathematical knowledge for teaching, expanded the object of the
collaborative activity of the planning team, in this case two teachers from one school and the first
author as researcher. In lesson study, the object of activity of the planning team is usually a plan for
a single lesson that seeks to answer a particular research question by prompting student and teacher
activity when the lesson is taught and observed by the wider lesson study group.
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Figure 3: Discussion of vectors in general terms from the teachers’ research lesson plan
for a lesson on adding and subtracting positive and negative numbers

The activity of the lesson planning group, whilst also focusing on the research lesson in the study
reported here, was also informed by the new construct of the didactical device in general, and more
specifically the construct of “vectors” in this particular case. This resulted in a new expanded object
of activity that focused more than previously on curriculum coherence in terms of how understanding
of the underlying mathematical structure of a vector might be used to inform this area of the
curriculum (adding and subtracting directed numbers). Whilst the intention is not to study vectors as
mathematical objects in this phase the introduction of their underlying properties is found to have
potential value as preparation for the future work of students such as when decomposing vectors into
horizontal and vertical components in the curriculum, some two years down the line (and the subject
of another lesson study in the sequence of three). Figures 3 and 4 show how the teachers’ thinking in
relation to “vector” as a didactical device was presented in the lesson plan for adding positive and
negative numbers. Figure 3 illustrates how the teachers rationalised they would work with vectors
later in the curriculum, and Figure 4 provides insight into how their more general thinking about the
use of “vector” thinking was transformed to their plan for adding and subtracting positive and
negative numbers.

Figure 4: Key points of the teachers’ research lesson plan

Figure 5 show some of the work that students undertook exploring “vector style” journeys in
preparation for initial work in adding and subtracting positive and negative numbers.
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Figure 5: Student work using vector thinking in the early stages of developing
conceptual understanding of adding and subtracting positive and negative numbers.

Discussion

Here we have exemplified key aspects of theoretical ideas relating to how the work of teachers
collaborating through lesson study might be considered from a CHAT perspective. In particular, we
have used the theory of expansive learning, whereby the multifaceted dimensions of learning of both
individuals and the collective might be considered as expanding the object of their activity, in order
to better understand how we their teaching may better ensure student experience of conceptual
connectedness. Our claim is that the introduction of the construct of didactical device as a boundary
object with meaning in both classroom and lesson study group has the potential to facilitate such
expansive learning in terms of developing teacher knowledge of curriculum coherence. Further, it is
our contention that socially distributed teacher knowledge of this type has the potential to improve
student learning outcomes as over time they experience mathematics as a conceptually connected
knowledge domain. For example, in the brief illustration given here we see students informally
working with underlying ideas of vectors that will eventually support their future work where the
focus will be on using vectors both explicitly and more formally.

Our introduction of the didactical device into the activity system of the lesson study group we
consider as essential in refocusing the work of the group so that the object of study is developed
beyond the consideration of a single lesson focused on teaching a particular mathematical concept at
a particular time. The didactical device itself seeks to provide a potential tool for teaching (and
learning) both across traditional topic boundaries and to support development. over time. Here, we
have drawn, briefly, on two such devices: the number line and vectors. Although the latter of these at
a later stage becomes an object of study in its own right, here we focus on its potential to provide an
underlying structure and way of thinking that can underpin other areas of the curriculum, such as
exemplified here: the adding and subtracting of positive and negative numbers. Our work in this area
is a work in progress, although we have identified a number of potential other devices, such as the
use of units, the circle as a locus of a set of points, the idea of the unit (one-ness).

In activity theory terms, the introduction of the didactical device provides a secondary contradiction,
as an old artefact/instrument meets a new object: in the example here, the old artefact of vector, now
considered as a didactical device, underpins the new object of the group as it works to better
understand curriculum coherence. Contradictions of this type are necessary but not sufficient drivers
for expansive learning (Engestrom, 2016). Our theoretical analysis of our work to date suggests that
there is much potential for continued collaborative, and expansive, learning facilitated by focussing
on further didactical devices. Our analysis highlights the importance of the introduction of the new
construct as being central to supporting learning of both individuals and collective as a whole.
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