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This theoretical paper focuses on how school-based continuous professional development (CPD) for mathematics teachers in
schools located in disadvantaged areas can be carried out using the lesson study approach. School-based CPD is based on the
notion that teachers need real-time and on-site professional training tailored to improve the instructional practices unique to
their school and classroom contexts. The paper seeks to address the research question: How can a lesson study [or research
lesson] be used in the school-based CPD of mathematics teachers in schools located in disadvantaged areas? Empirical
evidence from lesson study research suggests that it is an effective tool for CPD activities because it is school-centred, focuses
on learner learning, and draws on the collective and collaborative experiences of teachers working in the same school
mathematics department. Therefore, this paper significantly contributes to theoretical and practical debates on school-based
CPD activities in schools located in disadvantaged areas, using lesson study. Further research would necessitate a focus on
understanding how the social learning processes within school-based CPD can be linked to school contexts.
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Introduction

This position paper focusesand discusses school-based mathematicsteacher CPD learning in schools located in
disadvantaged areas in the South African mathematics education context. In the context of this paper,
“disadvantaged areas” refersto geographical locations where low-income earners reside. Schools located in these
areas are usually under-resourced. The paperis based on the premise that mathematics teachers need new
just-in-time and job-embedded instructional practices that are unique to their school and classroom contexts
(Althauser, 2015).

The purpose of this paperis twofold: to significantly contribute to deeper theoretical understanding and
debatesabout school-based CPD for mathematics teachers, as well as identifying ways in which the lesson-study
approach can be used for teacherlearning in schools located in disadvantaged areas. Research on lesson study as
a form of CPD in the South African mathematics context is scarce. Researchers outside South Africa would be
interested in the impact of lesson study asa form of CPD from a South African mathematics education perspective.
Research in the past three decades reports that, on the one hand, teachers who are exposed to “frequent, rich
learning opportunities havein turn been helped to teach in more ambitiousand effective ways” (Little, 2012:1),
while, onthe other hand,teacherswho experience sporadic, superficial, and disconnected CPD activities are left
disappointed by limitations in learning opportunities (DeMonte, 2013).

The school-based CPD discussed in this paper, though not new, heralds a departure from traditional CPD,
which dependsalmostexclusively on outside-school expertise from teachereducatorsand subject advisors —thus
largely rendering the CPD inadequate, because it hardly addresses systemic challenges pertinent to individual
teachers, and not within their school contexts (Dunne, Nave & Lewis, 2000). The other premise of this paper is
thatfora schoolto support high levels of learners learning effectively, the school must be accountable forthe way
in which teacherlearning takes place within the school (Shaffer & Thomas-Brown, 2015).

Literature Review

In South Africa, and in South African Education Departments, most of the arranged CPD activities take place
outside schools, where subjectadvisors and teacher education experts from institutions of higher learning take the
lead. Part of theargument in this paperis that school-based CPDactivities should be at the core of teacher learning
and should also be linked purposefully and coherently to other external CPD activities (Little, 2012). Thus, what
is the rationale behind focusing on school-based CPD or job-embedded professional development activities of
mathematics teachers? Firstly, the school is atthe centre of teaching and learning and this is where problems such
as pressure to achieve quality teaching and learning are felt directly and evaluated ashaving failed or succeeded
(Darling-Hammond, 2017; Woodland & Mazur, 2015). Secondly, school-based CPD connotesa direct association
between a teacher’s teaching in the classroom and the CPD thatthe teacherreceives, and thatthe understanding
and use of a school’s learning culture can make a difference to the teacher’s learning, job satisfaction and well-
being (Postholm & Wage, 2016). Thirdly, as a social learning process, lesson study represents a strong
relationship between practice and teachers’ needs (Koellner & Jacobs, 2015). Hadfield and Jopling (2016:205)
posit that the nature of the lesson study “cycle makes it sensitive to how practice issues are constructed, and
improvement is defined in a specific context.”
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There has been significant concern about the
state of South African learners’ academic achieve-
mentsin the high-stakes National Senior Certificate
(NSC) examinations, particularly the performance
of learners whose schools are located in low socio-
economic areas. One of the concerns faced by the
South African government in the post-apartheid era
is its failure to provide quality mathematics educa-
tion forits diverse population of 55 million. Accord-
ing to Heneveld and Craig (1996:13), the word
“quality” in relation to education, refers to “both
changesin the environment in which education takes
place and the detachable gains in students’
knowledge, skills and values.” In general, South Af-
rican children are exposed to poorerquality of teach-
ing thanis found in its poorer neighbouring coun-
tries, particularly in Mathematics in the Foundation,
Senior, and Further Education and Training phases
(Taylor, 2008).

The NationalPlanning Commission, The Pres-
idency, Republic of South Africa (2012) acknowl-
edges that in the main, black children receive poor
quality education in South Africa; this denies these
children access to higher education, and access to
decentemployment, leadingto reduced earnings and
limited careermobility for those who get jobs. Inter-
nationalcomparisonsof educationalachievement in
Mathematics, for example, the Trends in Interna-
tional Mathematics and Science Study (TIMSS)
conducted in 1995, 1999 and 2002, at Grade 8 level,
have shown that South African learners underper-
formed significantly compared to those of otherpar-
ticipating countries, and that the improvements
achieved in the years 1995 to 2002 were statistically
insignificant (Spaull, 2013). Although TIMSS
shows that between 2002 and 2011 there wasa huge
improvement in Mathematics scores for Grades 8
and 9, South African learners’ performance contin-
ued to lag behind those of learners in other middle-
income countries.

While a number of factors have been reported
pertaining to the performance of learners in Mathe-
matics, this paper argues that the learners’ back-
grounds and the quality of the teachers and the
teaching are the factors most intimately related to
quality of education. According to the Organisation
for Economic Co-operation and Development
([OECD], 2005:2), “factors to do with teachers and
teaching are the most important influences on pupil
learning” — a view shared by Barber and Mourshed
(2007:12) who state that “the main driver of the var-
iation in pupil learning atschool is the quality of the
teachers,” and “the quality of the education system
cannot exceed the quality of its teachers” (p. 41).

Recent lines of research concerning
high-school mathematics teachers in South Africa
have shown that these teachers possess inadequate
common content knowledge (CCK) and specialised
content knowledge (SCK), and that frequent and

quality professionaldevelopmentactivities are lack-
ing, to name a few problems (Fleisch, 2008). While
the notion is true thatteacherscan learn from social
gatherings such as workshops and seminars outside
the school (traditional CPD of teachers) (Meirink,
Meijer, Verloop & Bergen, 2009), the reality in the
South African mathematics education contextis that
the quality of mathematics teaching in disadvan-
taged areas remains poor (Taylor & Reddi, 2013).
Bearing in mind the necessity forchange in the CPD
activities of mathematics teachers from schools lo-
cated in disadvantaged areas, this paper’s position is
thatschool-based teacherlearning can contribute to
teachers’ professional learning in these schools.
Therefore, this paper seeks to theoretically address
the research question: How can a lesson study [re-
search lesson] be used in school-based CPD of math-
ematicsteachersin schools located in disadvantaged
areas?

The paperfirst discusses lesson study as a the-
oretical framework that can be used forschool-based
mathematics teachers’ CPD. In addition, we briefly
discuss two theories that underpin lesson study —
variation pedagogy and learning trajectories. This is
followed by an explanation of the context of teach-
ing and learning Mathematics in disadvantaged
schools. Following this, a discussion about opera-
tionalising lesson study is presented, before the pa-
per concludes with some discussion.

Theoretical Framework

Lesson study

The paper addresses ways in which schools located
in disadvantaged areas seek to improve the quality
of the teachingand learning of Mathematics through
mathematics teachers’ CPD. To achieve this CPD,
this paper proposesto use lesson study astheoretical
framework. According to Lewis (2009), lesson study
is a CPD approach:

. in which teachers work together to: formulate
goals for student learning and long-term develop-
ment; collaboratively plan a ‘research lesson’ de-
signed to bring to life these goals; conduct the lesson
in a classroom, with a team member teaching and
others gathering evidence on learner learning and
development; and discuss the evidence gathered
during the lesson, using it to improve the lesson, the
unit, and instruction more generally. (p. 95)

Lesson study is a collaborative teacher-inquiry CPD
with specific emphasis on reflection on practice and
learners’ cognition, leading to the developmentof a
teacher’s expertise and learning within the context
of their work environment (Lee & Choy, 2017). As
a form of CPD, lesson study is firstly concerned with
the development of key aspects of mathematical
knowledge for teaching (MKT) (Ball, Thames &
Phelps, 2008). While being mindful of the inherent
challenges associated with identifying teacher
knowledge — the domains of teacherknowledge are
neither simple nor uncontested (Leavy & Hourigan,
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2018) — the paper focuses on SCK for teachers’
CPD.

MKT is divided into two main sub-categories:
subject matter knowledge (SMK) and pedagogical
content knowledge (PCK). This paper does not in-
tend to describe SMK and PCK in detail, except to
mention that SMK is further subdivided into three
categories: common content knowledge (CCK), spe-
cialised contentknowledge (SCK), and horizon con-
tent knowledge (HCK). SCK is the essential
knowledge for teaching, and it “allows teachers to
engage in particularteachingtasks, including how to
accurately represent mathematical ideas, [and] pro-
vide explanations forcommon rulesand procedures”
(Hill, Ball & Schilling, 2008:377-378). For the pur-
poses of this paper SCK is the most important, be-
cause it empowers teacherswith the ability to inter-
pret contextsand recognise common errorsand mis-
conceptions by learners; to justify, understand and
assess mathematical productions; and to respond to
learners’ “why” questions. In addition, having SCK
allows teachersto develop usable definitions, know
alternative solutions, and analyse mathematics treat-
mentsin learning resources such astextbooks (Zem-
bat,2013).

Similarly, PCK is divided into three categories.
Knowledge of content and students (KCS) refers to
teachers’ knowledge of their individual learners.
KCS can manifest in the way that teachers’
knowledge of their specific practices is seen to be
changed or influenced by the way their learners
learn. The other two categories are knowledge of
contentand teaching (KCT), and knowledge of con-
tentand curriculum (KCC).

Secondly, lesson study is also concerned with
teachers’ interpersonalrelations. Planning, consulta-
tions among teachers, shared consciousness and vi-
sions on issues of learning and teaching Mathemat-
ics, amongothers, are shared beyond the participat-
ing teachers — in effect, they are shared throughout
the school community and with other schools
(Lewis, Perry & Murata, 2006).

Lastly, lesson study greatly influences teach-
ers’ personal qualities and dispositions, including
their positive beliefs about theirability to implement
desired instructional practice changes (Nelson,
Slavit, Perkins & Hathorn, 2008). The question is:
What makes lesson study as a form of a CPD ap-
proach appropriate for this study? I have alluded to
the notion thatthis paperis about CPD in under-re-
sourced schools. This means that the learning and
teachingcontextsin these schools are different from
those of other, well-resourced schools. In addition,
these schools are also different from other schools
located in low socio-economic areas — each school
is unique. Therefore, the use of lesson study as a
CPD approach offers opportunities that do not usu-
ally form part of typical CPD projects, such as the
top-down approach where experts take centre stage
in CPD activities.

Firstly, CPD activities, through the use of the
lesson study, are embedded in the school and class-
room contexts (Chong & Kong, 2012), giving teach-
ers the opportunity to see teachingand learning asit
happens in real time in their school contexts. Sec-
ondly, lesson study affords the opportunity to ob-
serve teachers and learners interacting during les-
sons— meaningthat learnersare atthe centre of CPD
activities. Lastly, lesson study, asa form of CPD, is
teacher-driven, meaning that teachers have a say in
issues concerning the processes of instructional
practice change and curriculum development.

Theories underpinning lesson study

The activities of lesson study are guided by notions
of learning trajectory (Sztajn, Confrey, Wilson &
Edgington, 2012) and variation pedagogy (Marton
& Pang, 2006).

A learning trajectory provides a foundation
for classroom learning as it allows for “descriptions
of children’s thinking and learning in a specific
mathematical domain and a related, conjectured
route through a set of instructional tasks” (Clements
& Sarama, 2004:83). Researchers have stated that
learning trajectory supports the growth of teachers’
MKT, improves mathematical noticing during in-
struction, and allows learners’ thinking to be visible
to the teachers — leading to improved mathematical
achievements by learners (Clements, Sarama, Spit-
ler, Lange & Wolfe, 2011; Sztajnetal., 2012).

Variation pedagogy implies that learning is
aboutdevelopingways of discerning and comparing
critical features of the objects or concepts being
studied; for example, discerning the similarities be-
tween and comparing squares, rhombi, and parallel-
ograms, in geometry. In this example, while they are
comparing and discerning the key features of geo-
metrical shapes, learners are supposed to also dis-
cern the variant and invariant features of these
shapes. The in-depth analysis of these varying
shapesis necessary to allow the development of the
learners’ conceptual understanding of and conjec-
ture about these geometrical shapes (Huang, Gong
& Han, 2016; Ling & Marton,2011).Ling and Mar-
ton (2011:21) posit that the variation theory provides
“potential gains to the lesson study in the sense that
it provides an additional theoretical component to
guide decisions aboutteaching.”

Understanding the context of teaching and learning
in disadvantaged schools

Before indicating how lesson study can be opera-
tionalised as a CPD approach, it is importantto un-
derstand what type of data can be collected. Thiswill
result in a clearer understanding of the teaching and
learning contexts of Mathematics in schools located
in disadvantaged areas. In other words, before im-
plementing CPD through the use of lesson study, ex-
isting teachingand learning practices at the selected
schools should be documented and analysed. This
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analysis would include documented analyses of the
school’s vision and mission statements; the Mathe-
matics curriculum statements; samples of learners’
written assessments (projects, homework and as-
signments); and samples of learners’ written work
from classroom activities. Furthermore, it would
also include focus-group interviews with teachers,
learners and former learners, to gain a deep under-
standing of the teaching and learning of Mathemat-
ics and general instructional practices at the school.
In addition, classroom observations would also be
conducted.

A narrative approach is used to complement
the document analysis and focus-group interview
approach. Through narratives, rich, nuanced stories
are captured of what teachers do and do not value
and work within classrooms and schools. Learners’
narratives are also important, in the sense that they
reveal the lived experiences of learners, asthey are
shaped by teachers’ instructional practices and the
school learning environment. Equally important is
the notion of how, while pursuing quality instruc-
tion, teachers deal with diversity among learners in
terms of learning mathematics. For instances, in dis-
advantaged schools, like in otherschools, mathemat-
ics teachers also deal with learners with different
levels of mathematics achievement — these include
gifted learners, average learners, and low-achieving
learners.

These analyses of the teaching and learning
context atthe selected schools raise important ques-
tions about “what counts as mathematical
knowledge and productive mathematical activity”
(Nasir, Hand & Taylor, 2008:190). In other words,
an understanding of different features of the social
contexts and the interfacing of proclivities and dis-
position of learners will determine what and how
mathematics is learned in the selected schools. Re-
search in mathematics education hasshifted towards
the conceptualisation of knowledge as socially con-
structed, signalling the role of nature and culture in
learning (Nasir & Hand, 2006; Nasir et al., 2008;
Vygotsky, 1978). This meansthatthe cultural prac-
tices that learners engage in, in their everyday and
school contexts, will shape and influence what and
how they learn mathematics in schools. Bourdieu
(1977) argues, using the notion of cultural capital,
that school mathematics as cultural practice is his-
torically and socially reified through broader socie-
tal structures that privilege some or marginalise
other groups (Saxe & Esmonde, 2005).

To summarise: research in mathematics educa-
tion acknowledges the existence of boundaries be-
tween cultural and domain knowing and coming
to know in three different ways. Firstly, the interface
between the everyday use of mathematics and
school Mathematics — also known as mathematics
knowing, is cultural activity. Secondly, mathematics
learning as cultural enterprise is represented by
classroom, home and local community discourses.

The third way refers to accessing and success in
mathematics education — it is worthwhile looking at
mathematics education asa culturalsystem (Nasir et
al., 2008; Saxe & Esmonde, 2005). These three ways
of perceiving mathematicseducation are positioned
in this paperascritical featuresthatinform the CPD
of mathematicsteachersatschools located in disad-
vantaged areas.

Operationalising lesson study during school-based
CPD

As an effective CPD strategy for mathematicsteach-
ers, lesson study has many characteristics that make
it an effective tool — “it is site-based, practice-ori-
ented, focused on learner learning, collaboration-
based,and research-oriented” (Murata,2011:2). The
construct of lesson study is simple: a group of teach-
ers come together organically to share and address
pertinent questions regarding learner learning — the
teachers consider the learning goals where the learn-
ing challenge or challenges of the learners are lo-
cated, plan a lesson or “research lesson,” teach and
observe the lesson, and reflect on the lesson (Brad-
shaw & Hazell, 2017; Dudley, 2015; Huanget al.,
2016).

Inthe maina lesson plan consists of four stage
activities: set goals; plan; implement and debrief.
When setting goals, teachers identify a clear set of
mathematics learning goals, the aim of which is to
improve their learners’ learming. For example, im-
proving learners’ learning could be about helping
unmotivated learners to engage in learning of spe-
cific concepts such as percentage change. As a way
to motivate learners, teachers can decide to embed
the teaching and learning in everyday contexts. The
goal can also be in the introduction of a specific
mathematical concept; for example, the characteri-
sation of quadratic functions using everyday life sit-
uations (Dudley, 2015).

When planning, teachers identify and design
learning tasks using learning trajectory and variation
pedagogy theories. The teachers plan the research
lesson with three learners (or case learners) in mind
—these learners could all be struggling with mathe-
matics, or they could be higher, middle, or lower
achievers. The idea here is that,asteachers plan the
research lesson, they should think about how each of
these learners would respond to each of the stages of
the lesson — essentially, the teachers must predict the
learning behaviours of each of the three learners
(Cajkler, Wood, Norton & Pedder, 2014). Dudley
(2015) cautions that research has shown that teach-
ers often get their choices of case learners wrong —
whatever they predict about these learners is often
incorrect, asevidenced by the observations of the re-
search study.

The strict planning discipline required of a re-
search lesson hasthe potentialto show thatthe pre-
dicted learning behaviours of learners can differ
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from the behavioursobserved by teachersat the be-
ginning of the research lesson. Inthe absence of the
research lesson, some of these differences between
observed and predicted differences may not be no-
ticed. Also, if the research lesson is notthe first one
in the series, thenteachers are expected to focus on
“responding to learners’ thinking, based on their ob-
servations (attending) and interpretations of learn-
ers’ thinking from the previous lesson(s)” (Amador
& Carter, 2018:11). In other words, lesson study
supportsthe development of professional mathemat-
ics-teacher noticing (Louie, 2018; Ulusoy & Ca-
kiroglu, 2018). Recent lines of research have re-
vealed thatteachersincrease their SCK when attend-
ing to learners’ thinking during the professional no-
ticing phases of attending, analysing, and respond-
ing to learners’ mathematical thinking (Amador &
Weiland; 2015; Weiland, Hudson & Amador, 2014).

The planning stage is followed by an imple-
mentation stage, in which one of the teachersleads
the teaching, while the others act as observers. In
certain instances, all four stages of the research les-
sons are audio- and video-recorded, with the aim of
sharing the clips in the future (Vrikki, Warwick,
Vermunt, Mercer & Van Halem, 2017). During re-
search lesson observation, the focus is observing
learners’ learning in the context of the content being
taught, rather than the teaching (Schipper, Goei, De
Vries & Van Veen, 2017). Observing learners’
learning is atthe heart of lesson study; it provides a
rich narrative or“detailed picture of the effect of the
research lesson on pupils’ thinking and cognition”
(Dudley, 2015:10). Teachers are encouraged to cre-
ate a learning environment where learners interact
andare able to share their thoughts with other learn-
ers when solving tasks, in addition to initiating
whole-class discussions of learners’ works, and
helping learners build connections between mathe-
matical conceptsand topics.

Debriefing aftera research lesson should con-
sist of gathering evidence about learners’ learning
from research lesson observations (Bradshaw & Ha-
zell, 2017; Lomibao, 2016; Skott & Mgller, 2017).
Post-research lesson observation should not focus on
aspects of teaching unless they are specifically re-
lated to learners’ learning or mis-learning. Teachers
can use learners’ written work, and focus-group in-
terviews to inform post-research lesson discussions,
in addition to their observation narratives (Dudley,
2015).

The advantage of the lesson plan is its simplic-
ity of implementation in small groups of teachers;
and that no technology or prior experience is re-
quired from the group of teachers (Dudley, 2015).In
the context of teaching Mathematics in disadvan-
taged schools in South Africa, this paper proposes
that a research lesson as a form of professional de-
velopment could initially be co-implemented by
mathematics teachers, teachereducators, and subject
advisors — though this is not a requirement. At the

beginning of the research lesson cycle, the group of
teachersshould have a clear focus on what they need
to improve as far as their learners’ learning is con-
cerned (Dudley, 2015; Huanget al., 2016; Leavy &
Hourigan, 2018).

Discussion and Conclusion

This position paper supports and acknowledges the
role that lesson study can play in the CPD of mathe-
matics teachers in schools located in disadvantaged
areas in South Africa. Currently, learner perfor-
mance in schools located in disadvantaged areas is
poor and is likely to remain so for the foreseeable
future, unless there is a shift in terms of the MKT of
teachers — lesson study as CPD can help to achieve
the goal of developing teachers’ MKT in these
schools. Internationalreaderscould be interested in
reading on how lesson study can be used as a form
of CPD in schools located in disadvantaged areas.
While the construct of lesson study is not new, re-
cent lines of research have shown that,as an exam-
ple of school-based CPD, it affordsteachersthe op-
portunity to improve their SCK within their work en-
vironment. The premise of this paper is that mathe-
maticsteachers in disadvantaged schoolshave been
exposed to other formsof CPD activity, and the ma-
jority of these CPD activities have largely been
driven by externalexperts —people who do not know
these schools’ learning cultures and contexts. Teach-
ers from disadvantaged schools attend generic CPD
workshops facilitated by these experts, together with
teachers from other schools — a one-size-fits-all sce-
nario. External experts include teacher educators,
subject advisors, and non-governmental organisa-
tions, toname a few.

This paper advocates that school-based CPD
through the use of lesson study can provide a solu-
tion to the CPD of mathematics teachers in disad-
vantaged schools. Research hasshown thatteachers
learn when engaged in CPD activities thatare “em-
bedded within their school and classroom contexts”
(Chong & Kong, 2012:264). In other words, lesson
study as a social co-learning process, as a form of
CPD, is sensitive to the instructional practices and
teachers’ needs within these disadvantaged schook
(Koellner & Jacobs,2015). CPD for teachersshould
focus clearly on defined learning goals, thereby
providing opportunities for deepeningtheir learning.
If the CPD is school-based, it becomesthe responsi-
bility of the school, atan organisationallevel, to cre-
ate a conducive environment for teacher profes-
sional learning in the form of processes that support
instructionalchange —forexample, freeing blocks of
time in the school calendarforteachersto meet reg-
ularly (Chong & Kong, 2012; Hadfield & Jopling,
2016; Little, 2012). In addition, school administra-
tors are compelled to set aside the necessary re-
sources to support teacher skills development and
remove any bureaucratic structural obstacles that
may hinder the change processes (Chong & Kong,
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2012). Kieran, Krainer and Shaughnessy (2013) ar-
gue thattreatingmathematics teachersas stakehold-
ers during lesson study empowers them to build link-
ages between theories and practice through “critical
features of research ... [such as]a significant action-
research component, and dynamic duality of re-
search and professionaldevelopment” (Huangetal.,
2016:436-437).

This paper recommends and supports the no-
tion that lesson study has the potential to improve
the SCK of mathematics teachers in disadvantaged
schools, and that this potential can only be realised
when teachersacquire the skills to examine their les-
sons critically (Lee & Choy, 2017; Takahashi &
McDougal, 2016).

According to Fernandez, Cannon and Chokshi
(2003), three lenses may be used to examine mathe-
matics lessons within the lesson study CPD ap-
proach. The researcher lens encourages teachers
acting as researchers to identify problems of prac-
tice, design appropriate strategies to solve them, and
use the findings to inform the success of their inter-
ventions. The curriculum development lens refers
to how teachers sequence learning activities and
align them to the learners’ leaming and cognition
during lessons. The learner lens is about howteach-
ers predict possible solutions and challenges to
learners’ learning tasksand use these predictions to
inform further learner engagement.

In conclusion, we present lesson study asan al-
ternative CPD paradigm formathematics teachersin
schools located in disadvantaged areas. The study
significantly contributes to ongoing debates on
school-based CPD for mathematics teachers. Fur-
ther research should focus on understandinghowthe
social learning processes within school-based CPD
are linked to the contextual environments in which
they are enacted in selected schools.
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