
Chapter 41
Noticing in Pre-service Teacher
Education: Research Lessons as a Context
for Reflection on Learners’ Mathematical
Reasoning and Sense-Making

Helena Wessels

Abstract Professional noticing of learners’ mathematics reasoning is a crucial
ingredient of a mathematics teacher’s set of teaching competencies. Research les-
sons in the lesson study process, with its focus on learner reasoning, provide a
structured environment for the building of mathematical knowledge as well as for
reflection and the development of teacher professional noticing and sense-making.
This paper reports on the depth and growth in noticing of three pre-service teachers
during research lessons in their third and fourth years, using the Van Es noticing
framework. The study showed that two of these teachers’ noticing shifted to higher
levels over the two years, with greater focus on learners’ mathematical reasoning
and sense-making than on teacher actions and teaching. Prospective teachers need
well-structured and focused opportunities, individually as well as in groups, to learn
to notice and make sense of learner thinking and reasoning.

Keywords Professional noticing � Lesson study � Research lessons
Mathematical reasoning � Reflective practice

41.1 Introduction

The preparation of pre-service teachers to teach mathematics for understanding is
an important focus in mathematics education, and the development of reflective
practice is one of the cornerstones in this process. Teaching for understanding goes
hand in hand with a problem-centred approach to the teaching of mathematics as
described in the work of Murray et al. (1998), Hiebert et al. (1997) and Stein et al.
(2008). The problem-centred approach is based on the premise that learners build
their own conceptual knowledge and mathematical understanding through solving
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problems independently or through interaction with others. Preparing pre-service
teachers to teach for understanding using a problem-centred approach is challenging
as it is so different from the more traditional way of teaching that they have usually
been exposed to during their own school years as well as during school practicums
during their studies (Santagata 2011). Prospective teachers therefore need profes-
sional development and experience to scaffold their ability to consider children’s
mathematical responses through a different lens, interpret what they see, and to
‘imagine themselves in the future acting responsively and freshly rather than
habitually. The mark of improving research capacities for individuals lies in their
being able to imagine themselves in the future acting (responding) more appro-
priately than before’ (Mason 2011, p. 38). Research studies have shown that
prospective teachers lack in this kind of noticing and lesson analysis skills
(Barnhart and Van Es 2015; Santagata 2011).

Pre-service teachers also need repeated opportunities for reflection over time:

[They] are not likely to develop such a complicated array of knowledge, skills, and dis-
positions simply by watching a video or demonstration lesson or reading standards or
articles; they are likely to need repeated cycles of study, trial in the classroom, reflection,
refinement, and trial again. (Takahashi et al. 2013, p. 243)

Designing teacher preparation programs that foster the appropriate knowledge,
skills and dispositions for pre-service teachers has been an enduring challenge in
mathematics education (Hiebert et al. 2003). At Stellenbosch University, lesson
study has been implemented in their preparation program for prospective founda-
tion phase teachers for the past five years to develop pre-service teachers’ knowl-
edge, skills and dispositions through reflective practice and to scaffold their
awareness and interpretation of learners’ mathematical reasoning, specifically
during lessons (Paolucci and Wessels 2017). The focus of the research described in
this paper is on determining the growth and depth of pre-service teachers’ noticing
of the mathematical reasoning of learners during research lessons over a two-year
period in this preparation program.

41.2 Literature Review

41.2.1 Reflection and Professional Noticing

The linking of theory and practice is one of the crucial issues in teacher education
and systematic, purposeful reflection is considered vital in this process (Dewey
1933; Korthagen et al. 2006).

Schön (1987) distinguishes between reflection-in-action and reflection-on-ac-
tion. Reflection-in-action (in-the-moment decisions) entails teachers’ ability during
a lesson to reshape what they do while they are doing it, think on their feet and use
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knowledge and experience to interpret the situation and act on it. Thorough
preparation and anticipating learner strategies and misconceptions provide points of
reference for reflection-in-action and enable didactical flexibility.
Reflection-on-action (looking back), on the other hand, entails the
often-documented looking back after an experience and reflecting on what hap-
pened and why it happened. Both these notions play an important role in preparing
pre-service teachers to bridge the gap between theory and practice and become
reflective practitioners. However, pre-service teachers often do not know what to
reflect on or how to reflect in lessons they observe: ‘Without structured support and
appropriate framing, pre-service teachers’ analyses tend to focus on the actions and
behaviors of the teacher rather than student thinking, learning and sense-making
and tend to be judgmental and lack evidential support and coherence’ (Barnhardt
and Van Es 2015, p. 84).

Noticing can be described as one of the core practices in mathematics teacher
education (Choy 2016; Grossman et al. 2009) and can provide appropriate support
and framing for the development of productive reflection on learners’ mathematical
reasoning during lessons. A growing number of researchers regard teacher noticing
as a useful framework for promoting adaptive and responsive teaching and for
in-service and prospective teachers to learn from their teaching by focusing on
learner mathematical reasoning (Sherin et al. 2011a). Galbraith (2015) describes
noticing as ‘an essential ability of a perceptive and effective mathematics teacher’
(p. 151). It entails attending to student mathematical reasoning and making sense of
this information to inform teaching decisions and teacher moves. Noticing is
referred to in different ways in the literature: a discipline and an intentional sys-
tematic set of practices (Mason 2002), the sizing up of students’ ideas and
responding (Ball et al. 2001), a set of skills (Jacobs et al. 2010), two processes
(Sherin et al. 2011a) and a goal-oriented decision-making process (Schoenfeld
2011). Noticing progresses through three interrelated phases: attending to learner
mathematical reasoning in classroom interactions, the interpretation of learner
reasoning in this setting and deciding what actions should be taken based on
inferences from this analysis (Barnhart and Van Es 2015; Jacobs et al. 2010; Van Es
2011). The three phases can entail reflection-in-action of the teacher during the
lesson as well as reflection-on-action during the post-lesson discussion by observers
and the teacher who taught the lesson (Schön 1987). The three phases are inter-
twined: ‘three component skills, but also an integrated set’ (Jacobs et al. 2010,
pp. 173, 174).

Noticing can be influenced by several factors, including mathematical knowl-
edge for teaching (Kazemi et al. 2011; Schoenfeld 2011; Seidel and Stürmer 2014),
beliefs (Erickson 2011; Goldsmith et al. 2014; Schoenfeld 2011), prior experience
(Erickson 2011), context (Mitchell and Marin 2015; Seidel and Stürmer 2014) and
pedagogical commitment of the teacher (Erickson 2011). It is therefore important
that noticing be regarded ‘within the wider context of the teachers’ growing
knowledge (resources), goals, and orientations’ (Schoenfeld 2011, p. 237).
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41.2.2 Frameworks for Analysing Professional Noticing

With the increase in research studies on teacher noticing, different frameworks have
been developed to analyse and assess teachers’ noticing. Examples are the
Mathematical Quality of Instruction (MQI) analysis framework of Hill et al. (2008)
as used by Mitchell and Marin (2015) to support noticing, the Van Es (2011)
framework for learning to notice, the Santagata (2011) lesson analysis framework
and the Choy (2015) FOCUS framework for task development. Other frameworks
are focused on specific mathematical content, for example, the Fernández et al.
(2013) framework for the development of teachers’ noticing of students’ mathe-
matical thinking in the context of proportionality.

The Van Es (2011) framework was chosen for the research study in this paper as
its focus on the content and levels of noticing and the trajectory for the development
of noticing was useful to analyse growth and depth in pre-service teachers’
reflections over time. The Van Es framework (Table 41.1) first focuses on two

Table 41.1 Framework for learning to notice student mathematical thinking (Van Es 2011,
p. 139)

What teachers notice How teachers notice

Level 1
Baseline

Attend to whole class environment,
behaviour, learning and teacher pedagogy

Form general impressions of what
occurred

Provide descriptive and evaluative
comments

Provide little or no evidence to
support analysis

Level 2
Mixed

Primarily attend to teacher pedagogy
Begin to attend to particular students’
mathematical thinking and behaviours

Form general impressions and
highlight noteworthy events

Provide primarily evaluative with
some interpretive comments

Begin to refer to specific events and
interactions as evidence

Level 3
Focused

Attend to particular students’ mathematical
thinking

Provide interpretive comments

Refer to specific events and
interactions as evidence

Elaborate on events and interactions

Level 4
Extended

Attend to the relationship between particular
students’ mathematical thinking and
between teaching strategies and student
mathematical thinking

Provide interpretive comments

Refer to specific events and
interactions as evidence

Elaborate on events and interactions

Make connections between events
and principles of teaching and
learning

On the basis of interpretations,
propose alternative pedagogical
solutions
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central dimensions of noticing: what teachers notice and how teachers analyse what
they notice. What teachers notice includes whom they notice (learners as class or
group, individual learners, teacher, self) as well as the topic of their noticing
(learner behaviour, mathematical reasoning, teacher pedagogy). How they analyse
refers to an analytic, evaluative, interpretive or deep analysis of what they notice.
Second, the framework provides a trajectory of four levels of development in the
two dimensions: baseline, mixed, focused and extended noticing, as described in
Table 41.1.

The practice of noticing is more likely to develop in contexts of collaborative
sense-making of learner reasoning where teachers plan, observe and reflect on
lessons together (Takahashi et al. 2013), such as lesson study.

41.2.3 Lesson Study as a Context for the Development
of Noticing

Reflection and noticing are essential components of Japanese lesson study, a form
of professional development aimed at the improvement of instruction (Lewis and
Tsuchida 1998; Takahashi et al. 2013). Lesson study is the systematic and col-
laborative planning and reviewing of a research lesson by a community of teachers
and a ‘knowledgeable other’ to bring together theoretical and practical learning in
an authentic way. The lesson study cycle entails the collaborative planning of a
lesson, the observation of the research lesson, and an in-depth post-lesson discus-
sion (Lewis 2002; Pothen and Murata 2006). In some cases, the lesson is then
revised and taught again, with another post-lesson reflection. The focus of a
research lesson is on sense-making, building of mathematics concepts and problem
solving. A lesson study group goes through multiple cycles of such inquiry over
time, which leads to an improvement of their mathematical knowledge for teaching
(Takahashi et al. 2013). This process fosters high-quality learning through
high-quality teaching (Nishimura 2016). The improvement of teachers’ professional
knowledge and skills enables them to become expert teachers (high-quality
teaching) who can progressively provide learners with opportunities for deep
learning of content and in the process become independent learners and problem
solvers (high-quality learning) (Sugiyama 2008; Takahashi et al. 2013). Groves
et al. (2016) suggest that lesson study be adapted for other cultures and situations
rather than adopting the Japanese model as is.

Noticing plays an important role in a lesson study cycle from the planning of the
research lesson to observing and reflecting on the lesson. Mason’s (2002)
description of noticing as a set of practices that includes reflecting systematically,
recognising choices and alternatives, preparing and noticing possibilities, and
validating with others (p. 87) bears similarity to lesson study as deliberate practice
(Miller 2011), as well as to the Gibbs’ (1988) reflection cycle often used as a guide
for pre-service teachers’ reflection.
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Professional noticing resonates strongly with the goals of lesson study—plan-
ning for student learning, noticing how the tasks and activities foster or hamper
learning during the lesson, interpreting what happened during the lesson and
deciding how to plan and teach the lesson more efficiently in the future.

41.3 Method

In a longitudinal project, a cohort of pre-service teachers’ reflections in a
problem-centred mathematics teaching and learning context over a period of two
years were investigated. The purpose of the project was to explore pre-service
teachers’ reflections on their own and observed research lessons in order to improve
the structure and development of reflective mathematical practice in an under-
graduate teacher education program. The research questions driving the larger
investigation dealt with aspects of the problem-centred approach that pre-service
teachers reflect on and their noticing during mathematics lessons. This paper only
focuses on the latter: the development of prospective teachers’ noticing over a
two-year period.

41.3.1 Context and Participants

At Stellenbosch University, mathematics teacher education for prospective foun-
dation phase teachers specialising to teach in Grades R to 3 (6- to 9-year-olds) is
nested in a problem-centred approach to the teaching of mathematics as described
in the work of Murray et al. (1998), Hiebert et al. (1997) and Stein et al. (2008). To
facilitate and support pre-service teachers’ in adopting a problem-centred approach
and develop the relevant knowledge, skills and dispositions, an adapted form of
Japanese lesson study is implemented as one of the contexts for their professional
development. Structured reflection opportunities during lesson study cycles help
bridge the theory-practice gap in this mostly unfamiliar context for the prospective
teachers.

Pre-service teachers conduct school observations for two weeks in the beginning
of the second and third years and nine weeks of school practicum in their second,
third and fourth years. These practicum experiences are supplemented by two
cycles of micro lessons (Fishbowl1) in the first semester of the third year and a
service-learning project in the first semester of the fourth year.

1The Fishbowl micro lessons comprise the teaching of a lesson by a pre-service teacher to a small
group of learners while the lecturer and other pre-service teachers are observing behind one-way
glass.
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Lesson study is used in the mathematics education module for foundation phase
(Grades R to 3) during Fishbowl in the third year and school practice in the fourth
year. In the third year, students participate in groups of six or seven of their own
choice and complete two lesson study cycles. The Fishbowl lesson study cycles are
the first exposure of pre-service teachers to lesson study. In the fourth year, three to
seven pre-service teachers are grouped together based on the locations of their
school practice schools for one lesson study cycle. The lecturer acts as ‘knowl-
edgeable other’ during the lesson study processes. Pre-service teachers in groups
study the curriculum and mathematics content area of their chosen topic and for-
mulate an over-arching goal as well as specific goals for their research lesson.
Lesson planning includes considering a possible learning trajectory for the topic
and where the lesson would fit into this trajectory, developing a real-world task for
the lesson, anticipating possible learner strategies and misconceptions, considering
connections between the possible strategies, planning questions to elicit learner
reasoning and planning how to summarise the lesson at the end. The research lesson
is then presented by each of the group members in their own classes and observed
by some of the other group members. The lesson subsequently is refined and finally
presented by one of the group members while the lecturer as ‘knowledgeable other’
and all other group members observe. A post-lesson discussion with thorough
reflection-on-action by all observers follows. The mentor teachers at the schools
where the pre-service teachers are doing school practice are not involved in the
lesson study process. After a lesson study cycle, pre-service teachers are required to
submit individual written reflections on the research lessons as a consolidation of
learning (Lewis et al. 2009). These reflections have to be submitted a week after the
research lesson and are guided by questions based on the Gibbs reflection cycle
(Gibbs 1988). This reflection framework, used by all lecturers in the Department of
Curriculum Studies, focuses on what transpired during the lesson, an analysis of
what went well or wrong and why in order to make sense of the situation and the
exploration of alternatives and culminates in an action plan.

Participants were undergraduate prospective teachers preparing to teach math-
ematics at the foundation phase level (6- to 9-year-olds in Grades R to 3). They
were all female, as most of the population of foundation phase teachers in the region
are. Participants’ experience of noticing before the Fishbowl lesson study cycles in
the third year was limited to doing video analyses of a number of lessons in class.
Although the terminology and framework of noticing were not used, the lesson
analysis was focused on noticing learner reasoning and strategies and using
inferences from what they noticed in order to plan subsequent lessons. In the fourth
year, a unit of lectures on noticing precedes the school practicum. In the research
and lesson planning phases in the lesson study cycles in the third and fourth years,
specific attention is given to anticipated learner strategies and planning for noticing
of children’s mathematical reasoning, and examples are discussed. Due to logistical
arrangements, lesson study groups for the two lesson study cycles in the third year
are the same, but change for the cycle in the fourth year. For the same reason,
post-lesson discussions are shorter in the case of the two Fishbowl research lessons
than they are for the research lesson in the fourth year. The post-lesson reflection
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colloquia of the different lesson study groups in the fourth year are videoed to
capture student teachers’ reflections, but they are not in the third year. All ethical
requirements of Stellenbosch University were adhered to in the research study.

Fifty-six out of the cohort of 59 fourth-year pre-service teachers volunteered
their third and fourth year reflections for analysis in the study. Participants were
from different language groups (Afrikaans, English and Xhosa), and research les-
sons were taught in either Afrikaans or English. Post-lesson colloquia were con-
ducted in Afrikaans, English or both, depending on the mother tongues of the
participants; pre-service teachers often switched between languages, as groups
consisted of students from different language groups. Written reflections were in the
language of their choice.

Students’ reflections did not yield many rich descriptions of learner reasoning.
After scrutinising all reflections, eight students whose reflections included
descriptions of learner reasoning in at least one of the three data sets were selected
and their reflections further analysed using the Van Es (2011) framework. Due to
space constraints, three prospective teachers’ noticing as evidenced in their
reflections on three research lessons have been selected to be developed as case
studies for this paper. These three pre-service teachers were not members of the
same group in any of the three lesson study cycles.

41.3.2 Data Generation

Data were generated at the end of three lesson study cycles, two in the third year
and one in the fourth year, and comprised videoed post-lesson discussions and
written reflections after each of these lesson study cycles. During Fishbowl lesson
study cycles, only written reflections were generated, whereas written and verbal
reflections were collected during the school practicum lesson study cycles. The
reflections of pre-service teachers were on research lessons they either observed or
taught themselves and were on entire lessons, as in the research of Santagata
(2011), and not only on video clips of lessons. During post-lesson reflections,
students’ individual accounts of what they noticed during lessons were recorded for
analysis. Further elaboration from the group on individuals’ noticing was not
included in the analysis covered in this paper.

41.3.3 Analysis

Video and document analysis of verbal and written reflections were conducted
using the Van Es (2011) framework for learning to notice student reasoning to
determine what and how pre-service teachers noticed during research lessons and to
determine how their noticing developed over the two-year period. Pre-service
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teachers’ written and videoed reflections were coded according to the four levels of
the Van Es (2011) framework and an independent researcher checked the
researcher’s interpretations of the data.

41.4 Results

To determine growth and depth in noticing over a period of two years, pre-service
teachers’ written reflections on two research lessons for Fishbowl in the third year
and one verbal or written reflection on a research lesson in the fourth year were
analysed. Reflections were in some cases on lessons the pre-service teachers
themselves taught and in some cases on observed lessons.

41.4.1 Case Studies

In the three case studies below, unless stated that the student teacher taught the
lesson being discussed, all reflections were on observed research lessons.

Case Study 1: Myra (participants’ real names are not used)

Myra’s written reflections on observed Fishbowl research lessons in the third year
were analysed, as were her reflections on her own lesson during the fourth-year
lesson study.

Fishbowl research lesson 1: Myra’s written reflection on the Grade 2 lesson
about money focused on the whole class and the teacher (whom), her noticing
comprised teacher pedagogy and learner behaviour (what) and she gave general
impressions and evaluative comments (how). Examples: ‘Learners were interested
in the theme of the lesson’ and ‘The teacher did not tell the learners how to solve
the problem, she gave them space to decide on their own strategies’. Myra’s
noticing for this research lesson has been categorized as Level 1 (baseline;
Table 41.2).

Fishbowl research lesson 2: In her written reflection, Myra’s noticing during this
Grade 2 lesson on capacity measurement again was general and evaluative,
focusing on learner behaviour and teacher pedagogy. Examples: ‘The activities
were focused and well explained’ and ‘The learners were so carried away with the
water and activity that they did not focus on the math’. Her noticing still was on
Level 1 (baseline; Table 41.2).

School practicum research lesson: Myra taught this Grade 2 lesson on capacity
measurement, and her reflections (during the videoed post-lesson discussion and
written reflection) showed noticing about the learners as group but also shifted
towards particular learners’ mathematical behaviour and reasoning with comments
such as ‘When they were estimating, I asked “What do you think?” One learner
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guessed 84, the next one said another number and the third thought deeply and then
said “I will then say 82”’ and ‘Christian said that the group tried to get their
measurement close to their estimation’. She evidently was starting to notice par-
ticular learners’ mathematical behaviour and reasoning, albeit primarily evaluating
comments. Myra’s noticing therefore shows progress from Level 1 in the second
year to Level 3 (focused) in the fourth year (Table 41.2).

Case Study 2: Ruda

Fishbowl research lesson 1: Ruda’s noticing in her written reflection for this 3-D
geometry research lesson for Grade 2 was on Level 1 (baseline; Table 41.2). Her
comments were of a general and evaluative nature and concerned learner behaviour,
teacher pedagogy and classroom control as the following three examples show:
‘The lesson showed me how important classroom control is’, ‘The teacher used
normal household objects; they were easy to relate to and when learners go home,
they will be able to apply the knowledge they had learnt’ and ‘Learners were
excited; the teacher did not tell them how to sort the objects, they were able to use
their own ideas’.

Fishbowl research lesson 2: The Grade 2 fraction research lesson that Ruda
taught elicited the following comments from her in a videoed post-lesson discus-
sion: ‘There were slight differences in how learners shared the last chocolate bar.
Some continued to share 1–1 until they were finished, some just drew 2 lines to the
same chocolate and others shared it in pieces with a line’ and ‘Even though they
didn’t know the terminology, they knew it wasn’t a whole chocolate that each
person received’. She noticed and interpreted the mathematical behaviour and
reasoning of both the learners as a group and specific learners but did not suggest
any teacher moves based on these responses; therefore, her reflections can be
categorised as Level 3 (focused; Table 41.2).

School practicum research lesson: Ruda’s noticing in this Grade 2 lesson on
multiplication that she taught again was on Level 3 (focused; Table 41.2). In a
videoed post-lesson discussion, she referred to and elaborated on individual
learners’ mathematical reasoning, interpreting their reasoning. Examples: ‘When
you ask them to explain, they don’t explain what they did. Like Max, he counted 1,
2, 3, 4, 5, 6, 7, 8. He’s not counting in 4s, he’s counting in ones. But when you ask

Table 41.2 Noticing levels of pre-service teachers in the sample

Baseline Mixed Focused Extended

Research lesson 1
Fishbowl (3rd year)

Myra3 Ruda3 Charlie3

Research lesson 2
Fishbowl (3rd year)

Myra3 Charlie3 Ruda1,3

Research lesson 3 School
practicum (4th year)

Charlie2, 3 Myra1,2,3 Ruda1,2,3

1Taught research lesson
2Verbal reflection
3Written reflection
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him, he says “I’m counting in 4s”. I am sure if I asked him, he would be able to
count 4, 8, 12…’ and ‘And like Melissa, she drew groups first, then she made lines
in them, and then I asked “What did you do” and she said “I am counting in 4s”.
They don’t always explain how they did it; they know they are supposed to be
counting in 4s, so they say “I counted in 4s”’.

Ruda’s noticing therefore progressed over the period of two years, from the
Level 1 in the lesson study cycle one to the Level 3 in cycles two and three.

Case Study 3: Charlie

Fishbowl research lesson 1: This written reflection was on a Grade 2 lesson on
mass measurement. Charlie highlighted a noteworthy event during the lesson and
drew inferences from learner mathematical reasoning, but generalized her com-
ments to the group of learners rather than commenting on individual learners’
reasoning: ‘Six out of 10 learners approached the problem incorrectly or miscal-
culated. It could be that they are not used to coming up with their own strategies or
that the problem was too difficult for them to make sense of it’. Charlie tended to
generalise individuals’ reasoning to collective reasoning of the group. Her noticing
for this lesson study cycle was categorised as Level 2 (mixed), bordering on Level 3
(focused; Table 41.2).

Fishbowl research lesson 2: This Grade 2 lesson also was on mass measurement.
Charlie noticed and provided evaluative comments about an individual learner’s
mathematical behaviour and reasoning in her written reflection on the lesson: ‘One
boy’s measurement units (he used nuts) were not quite enough to measure—he was
quite confused when his first strategy didn’t work. It was fantastic to see how he
came up with another plan to solve the problem’. Her comments were descriptive
and not interpretive; therefore, her comment is categorised as Level 2 (mixed;
Table 41.2).

School practicum research lesson: This Grade 2 lesson on length measurement
prompted comments about teacher pedagogy and the mathematical understanding
of groups of learners as well as of individuals in a videoed post-lesson discussion:
‘The focus shifted and a valuable discussion was lost. Learners did not have a
discussion about how the different ways of measuring can influence their mea-
surements and what they should be doing to get similar answers’ and ‘The teacher
over-emphasised the way they should hold their hands when they are measuring.
This became a requirement instead of the class understanding the concepts of
measurement and the necessity to measure accurately’. Reference to and interpre-
tation of specific events and actions show Level 2 noticing (mixed) bordering on
Level 3 noticing (focused; Table 41.2).

41.4.2 Case Studies Summary

From Table 41.2 it is evident that verbal reflections during post-lesson discussions
were on Level 2 or 3, while written reflections were spread over the first three
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levels. Furthermore, student teachers’ reflections (Ruda: Lessons 2 and 3; Myra:
Lesson 3) on their own lessons were all on the level of focused noticing (Level 3).
Five of the six reflections in the third year (the first two lesson study cycles) were
on the first two levels, with a shift to a higher level of noticing during the school
practicum (third lesson study cycle) in the fourth year for two of the three
pre-service teachers.

41.5 Discussion

In this study, which has been framed by research on reflection, noticing and lesson
study, the Van Es (2011) framework for learning to notice has been used to track
the development of pre-service teachers’ noticing over the last two years of their
studies. The backdrop of a problem-centred approach to the teaching of mathe-
matics and a focus on the development of mathematical reasoning was especially
important in the prospective teachers’ four-year course as well as in the lesson study
cycles during which the data were generated.

The findings indicate that two of the pre-service teachers made a positive shift
towards higher levels of noticing from the third to the fourth year, although not to
the highest level of extended noticing. This finding corroborates Korthagen et al.
(2006) statement that pre-service teachers do not always adopt what they learn
during their preparation programs. The third student teacher stayed on the same
level for all three lesson study cycles. This is in line with Jacobs et al. (2010) and
Santagata (2011) research, which indicated that a considerable number of
pre-service teachers have trouble with noticing and attending to specific learner
strategies. Post-lesson discussions elicited more productive noticing than written
reflections, with more explicit references to individual learners’ reasoning and more
attempts at interpreting what they noticed. In written reflections, pre-service
teachers tended to generalise individual learners’ reasoning or comment on indi-
viduals’ reasoning as being the collective reasoning of a group or the class.
However, in written reflections, pre-service teachers made stronger connections
between learner reasoning and behaviour and principles of teaching and learning,
suggesting possible alternative teacher questions and moves. This might be a result
of the nature of the four Gibbs (1988) reflection questions, which encourage more
of a summary of what has been noticed, resulting in more general than specific
comments.

Reflections on lessons that pre-service teachers themselves taught also showed
more productive noticing than reflections on observed lessons. This could be due to
the fact that the pre-service teacher teaching the lesson was more familiar with the
learners in the classroom (Sherin et al. 2011b). Furthermore, although the lessons
have been planned jointly, pre-service teachers may have taken more ownership of
the lessons they taught (Takahashi et al. 2013) and may therefore have been more
attuned to learners’ reasoning during the lesson than the rest of the observing group.
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During post-lesson discussions, the lecturer as ‘knowledgeable other’ first
facilitated pre-service teachers reflections, where she focused their attention on the
reasoning of individual learners, pointing out other alternatives and asking them to
make sense of learner reasoning and its implications for teaching, therefore intro-
ducing her own higher level noticing and modelling the practice of noticing. This
modus operandi is consistent with the practice of lesson study where the role of the
‘knowledgeable other’ includes bringing new knowledge about research and the
curriculum, pointing out connections between theory and practice and helping
teachers’ ‘to learn how to reflect on teaching and learning’ (Takahashi 2013, p. 12).
In the research of Van Es (2011), the facilitators of the video club also offered
alternative perspectives and modelled to participants in the video club how to
engage in the practice of noticing and reasoning about learner reasoning. This
‘helped the group recognize multiple valid interpretations of a student idea and the
value of further inquiry as ways to clarify the issue under discussion’ (p. 148) and
resulted in ‘more substantive analyses of student thinking’ (p. 148).

Kassim (2016), in a study of a cohort of pre-service foundation phase teachers at
the end of their third year who were all following the same course at the same
university, found that pre-service teachers perceived an improvement in their
mathematical knowledge for teaching during their third year, enabling them to
create effective mathematical instruction using learners’ understanding and rea-
soning and to address their misconceptions. Participants in Kassim’s study also
perceived a marked change in their beliefs towards implementing a problem-centred
approach ‘where learners express their own understanding of the problem, engage
learners’ interactive discussions to enhance their reasoning and understanding’ and
‘assist learners to solve problems using their own strategies’ (p. 377). It can
therefore be speculated that a change in pre-service teachers’ beliefs and mathe-
matical knowledge during the third year might have contributed to their higher level
of noticing in the fourth year.

The fact that participants were from different language groups and switched
between languages during discussions could have had an influence on their
expression of what and how they noticed. Although all prospective teachers are
bilingual, they sometimes struggle to express themselves clearly in their second
language (Setati et al. 2002; Webb and Webb 2008).

Research by Choy (2015), Posthuma (2012) and Takahashi et al. (2013) points
to lesson study as a productive environment for reflection and the development of
noticing in a teacher preparation program. These authors highlight aspects of lesson
study that contribute to making it a productive context for fostering reflection and
noticing. These aspects include focus on the development of mathematical thinking
(Takahashi and McDougal 2016), a very thorough process of planning for student
learning (Choy 2016), noticing of how tasks and activities foster learning during a
lesson, interpretation of learner thinking during the lesson, and decision making
about ways to plan and teach the lesson more efficiently in future (Lewis et al.
2009).

Pre-service teachers’ noticing in the current study did not all progress as hoped,
and more research is needed to determine the reasons behind these findings. Gaps in
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the pre-service teachers’ preparation and the influence of different aspects in the
process of lesson study such as group size, format of the reflections, limited time
reflection after Fishbowl and the knowledge and beliefs of the pre-service teachers’
could all have an influence and will have to be investigated.

41.6 Limitations and Future Research

The findings in this small-scale study cannot be generalised. Larger-scale longi-
tudinal studies are needed to track the development of prospective teachers’
noticing during their preparation programs and even into their first years of practice
(Barnhart and Van Es 2015). The lesson study process fostered the development of
more productive noticing, but pre-service teachers’ noticing may also have been
influenced by lecturers in other subjects encouraging them to reflect or the use of
specific protocols to structure reflection. The noticing framework does not make
provision for noticing of task characteristics or how learners responded to the task
and can be extended to include such aspects of lessons.

More research is needed on the difference between prospective teachers’ verbal
and written reflections and the influence of their mathematical knowledge for
teaching on their noticing and development of reflection skills. The role of lesson
topics in noticing is also not clear.

41.7 Conclusion

Pre-service teachers need purposeful, structured opportunities and appropriate
experiences to reflect on and make sense of learner mathematical reasoning: ‘This
expertise can be learned and … both teaching experience and professional devel-
opment support this endeavor’ (Jacobs et al. 2010, p. 191). Lesson study as situated
in a problem-centred context where learners’ mathematical reasoning takes centre
stage has proven a productive context for such professional development and
experiences. Noticing frameworks are useful for not only assessing growth and
depth in noticing but should also be used as guides for scaffolding pre-service
teachers’ noticing skills when observing live as well as videoed lessons. Teaching
for understanding is one of the hallmarks of a problem-centred approach to the
teaching of mathematics, and noticing in teacher preparation programs needs to be
framed in the bigger picture of learning to teach mathematics for understanding.
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