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Much of our mathematics education research has focussed on effective teaching practices, yet
participation and achievement of Australian students has stagnated and fallen behind other countries of
similar standards. Whilst school mathematics leaders, both primary and secondary, support teachers to
develop their knowledge and develop whole school approaches much of this work focuses on developing
teachers’ routine expertise rather than their adaptive expertise. Research on generative teaching focuses
on developing students’ understanding to improve learning, whereas generative teacher practitioners
continually seek to improve their understanding and practice of mathematics teaching by learning to be
responsive to their students’ mathematics thinking and developing students’ mathematical reasoning and
problem solving. They are also responsive to the socio-cultural and gender composition of their
classrooms. In this presentation, the relationships between teacher adaptive expertise and generative
teacher practitioners along with opportunities for further research will be discussed.

Student participation, engagement and achievement in mathematics in Australia is an on-going
concern and priority for teachers, leaders and policy makers. As researchers we have focused on a
range of aspects of student learning and teaching practice to improve outcomes for students. My
current Australian Research Council funded project concerns the development of primary teachers’
adaptive expertise in interdisciplinary mathematics and science (Berry et al. 2021). Much of my
previous research has focussed on equity, mathematical reasoning and out-of-field teaching and
drawn on theories of generative teaching (Carpenter et al. 2004), and developing generative teacher
practitioners (Franke et al., 2001; Kemmis et al., 2014; Sherin, 2002). In this paper I will discuss
these theories and my research findings and make connections between generative teaching,
generative teachers and adaptive expertise (Anthony et al., 2015; Bransford et al., 2005; Timperley
& Twyford, 2022; Yoon et al., 2019). In the final section of the paper I will provide some further
details of the current ARC project.

Generative Teaching

Since the turn of the century, much of the research on improving teaching and learning has
focussed “mathematics teachers’ attention to student reasoning and sense making to develop deep
and flexible thinkers” (van Es & Sherin, 2021, p. 17). However, as Liljedahl (2021) has pointed out,
developing thinking classrooms is a challenge for many mathematics teachers. Generative teaching
is inclusive and responsive to the students’ and their cultural context (Anthony et al. 2015). That is,
teachers provide opportunities for all students to reason and make sense of mathematics. Given the
strong emphasis on external assessment scores rather than innovating their practice to include an
emphasis on sense making, teachers tend to focus their attention on developing students’ recall of
mathematics concepts, facts and procedures.

In my PhD study (Vale, 2001) which investigated gender equity in classrooms using digital
technology, one of the teachers I observed designed a task for students to form a conjecture about
the sum of exterior angles of polygons using Geometer Sketchpad. At the time, there were no online
templates and students had to construct their own polygons using the software. While the teacher’s
intention was to develop students’ geometric reasoning, they spent most of the two lessons helping
students use the software. One high achieving girl was frustrated as the teacher had not explained
what was meant by “conjecture.” An Indigenous student who had finished the task for homework
and helped other students during the second lesson, was ignored and told to sit down. The teacher
was not at all aware that this student had demonstrated skill with using the software and
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understanding of the geometric property. This example highlights the importance of equity and
social justice and that all students need to experience a sense of agency to engage in sense making
(Schoenfeld, 2016).

Noticing and responding to students in the moment to develop their understanding and reasoning
requires capacity to use a range of teacher actions and questioning strategies (Chan, 2021; Choy &
Dindyal, 2021). Therefore, effective professional noticing is a generative teacher practice (Pynes, et
al., 2020). To do this successfully teachers need a deep understanding of mathematics, flexibility
and to reflect on their actions (van Es & Sherin, 2021).

Generative Teachers

A generative teacher of mathematics takes responsibility for the creation and generation of his
or her own knowledge (Carpenter, et al., 2004). Generative practitioners have the knowledge, skills
and disposition to continuously seek to improve their knowledge of students, mathematics and
mathematics learning, and their practice of mathematics teaching through deliberative reflection in
collaboration with colleagues (Kazemi et al., 2009; Prestage & Perks, 2000; Sherin, 2002; Valli,
1997):

... the deliberative approach to reflection emphasizes decision making based on a variety of sources:
research, experience, the advice of other teachers, personal beliefs and values and so forth. No one voice
dominates. Multiple voices and perspectives are heard. (Valli, 1997, p. 77)

Generative teachers meet outside the classroom to discuss their students’ written work (Herbert et
al., 2022; Pynes et al. 2020; Vale & Davies, 2005), reflect on their actions-in-the-moment (Eden,
2020), and to co-plan and reflect on action (Eden, 2020; Yoshida 2012).

Vale and Davies (2005) reported on pre-service teachers’ (PST) reflection of implementing
problem solving and reasoning tasks with groups of Year 4 students in a local school. Two cases
were reported of PSTs who had used the problem-solving task, Eric the Sheep (Maths300,
https://www.maths300.com), with their group of students. When reflecting on the student learning,
the first case David, indicated that he valued procedural knowledge and the traditional practice of
teacher transmission. He made distinctions between “better” and “slower” students and did not value
the productive power of interactions between students. He clearly explained the procedures for
solving the problem using concrete materials and then was surprised when one girl was able to
compute the solution very quickly mentally and then explained the concept to the whole group.
Rather than thinking about how he might have introduced the task differently, this PST
recommended that the groups in the class should be re-organised by skill level. David seems more
intent on developing his efficiency with transmission teaching methods rather than changing his
teaching practice to support students to learn with and through each other. In the second case, Nerida,
reflected on the productive power of the interactions between the students in her group. She valued
the discussion among the students and recorded examples of the questions that they posed each
other:

How do you think we should set up the counters? Should we use the same colour counter? Why are we
making Eric a different colour? Let’s read the task again and work through it together. What do we do next?
Why did you do that? Why? What’s next? How should we correct our work to check if we got the answer
correct? Are we doing this right Miss? What else can we do? What happens if we try to add more counters
and more Eric’s? Let’s work this out together. (Vale & Davies, 2005, p. 749)

The authority that this PST gave to the sense-making of students’ questions and explanations
illustrates an openness with regard to her learning and support for a generative approach to student
learning. These two cases illustrate that whilst individual reflection is valuable, PSTs need to reflect
on their teaching collaboratively if they are to generate new understandings of the mathematics and
their students’ sense making.
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In our mathematical reasoning project (Herbert et al., 2022; Vale et al., 2017; Widjaja et al.,
2021) which used design-based research to develop a rubric for formative assessment of
mathematical reasoning. The rubric, Assessing Mathematical Reasoning Rubric (AMRR, Australian
Academy of Science, 2018), was created using demonstration lessons of reasoning tasks and then
collaboration with the teachers observing the demonstration lesson to develop and refine the rubric.
The rubric focusses on three main reasoning actions used across the mathematics curriculum:
analysing, generalising and justifying. As a formative assessment rubric it includes descriptions of
these actions at different levels of sophistication, rather than using it as summative assessment by
defining reasoning competency for each year level. Pairs of teachers met after the demonstration
lesson to analyse student work samples using the AMRR. Two rounds of data collection occurred,
so we were able to not only refine the rubric, but also compare the teachers’ understanding of
reasoning over time. We found that in the first round of post-lesson discussions, the teachers focused
on the number of properties or examples that students provided and whether or not they were correct,
rather than analysing the quality of their argument. Many of the teachers in the first round used the
language of summative assessment and, whilst they did describe students’ reasoning using phrases
from the rubric, some remained focused on the level of reasoning. In the second round during the
post-lesson discussion, the teachers more readily used terms from the AMRR to describe students’
reasoning. They interacted with each other to reach agreement on their formative assessment of
students’ reasoning to demonstrate shared meaning (Kemmis et al. 2014) of mathematical reasoning.

In Lesson Study, teachers undertake generative practices as they co-plan, co-observe and co-
reflect. They analyse student work collaboratively and reflect (Yoshida, 2012):

In order for lesson study to be successful, teachers need to think of lesson study as a way to improve their
own learning as well as student learning. Spending more time studying mathematical content and curriculum,
developing a strong pedagogical content knowledge with colleagues, and establishing a community of
learning through lesson study. (Yoshida, 2012, p. 140)

Widjaja, Vale and Doig (2020) reported on the collaborative practices of Lesson Study. In this study,
teachers, from three local primary schools formed two cross-school Lesson Study Teams. Each team
included teachers with a diversity of teaching experience and expertise: a Year 3, Year 4 and Year
3/4 teacher, and a numeracy leader or coach. We observed the collaborative practices of these two
Lesson Study teams and tracked their professional growth. We found that trialling the planned
lessons prior to conducting the Lesson Study lesson when lots of teachers and experts would observe
the lesson, enabled them to revise their planning of questions to elicit students’ thinking. The
participants in each of the Lesson Study teams valued the range of expertise among members of the
team, including the knowledge and expertise of teachers from the other schools in the project,
together with the collaborative processes of planning and trialing lessons and reflecting on these
lessons through the post-lesson discussion. One of the teachers in an interview about the Lesson
Study process reported on the importance and meaning of collaboration for her own practice and
stated:

[The] big thing that’s dawning on our teachers here, is that collaboration doesn’t mean, someone else does
the work for you and its less work. It’s about really challenging each other’s thinking and questioning each
other, and that’s been a big feature of this. (Widjaja et al., 2020, p. 16)

This finding accords with Brodie (2020) who found that for collaborative practices to be generative,
“[teachers] need to able to challenge each other’s thinking and practices” (p. 40).

Adaptive Expertise

Bransford and colleagues (2005) identified innovation and efficiency as two main components
of expertise. Routine experts work efficiently in standard situations and use known routine tasks and
practices, while frustrated novices are keen to innovate but still need to develop efficient practices
for standard situations. Adaptive experts exhibit both innovation and efficiency. They quickly
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become accustomed to unfamiliar, unexpected and complex situations as they purposefully apply
professional knowledge, innovation and creativity (Hatano & Inagaki, 1986; Hatano & Oura, 2003).

Anthony, Hunter and Hunter (2015) have led the research on adaptive expertise of prospective
teachers within the MERGA community. They, and others, argue that the adaptive expertise of
teachers is a critical component of quality teaching (Anthony et al., 2015; Timperley & Twyford,
2022; Yoon et al., 2019). According to Timperly and Twyford (2022) adaptive expertise evolves as
the teacher shifts their focus from self to students and from simplicity to complexity. Characteristics
of adaptive expertise relate closely to teacher noticing of critical moments for student engagement
and learning in the classroom and their actions in these moments (Anthony et al., 2015; Chan, 2021;
Choy & Dindyal, 2021; Pynes et al., 2020; van Es & Sherin, 2021).

Adaptive expert teachers also have a propensity to experiment with new and different teaching
and learning activities that is, to innovate (Anthony et al., 2015). They may do this individually or
collaboratively. One approach to innovation is action research, a form of critical praxis involving
reflection that is action-orientated, social and political (Kemmis et al., 2014). It involves participants
in planning actions, implementing these plans, monitoring and evaluating the processes and
consequences of their action, and re-planning for further action. Hence it involves a series of on-
going cycles of action. As practising teachers, two colleagues and I used action research to
investigate sexually (gender) inclusive curricula. This project got me interested in curricula and
pedagogies to improve student engagement, equity and social justice. Recently my colleagues and I
reported on findings from a professional learning project in which school mathematics leaders used
the Teaching Sprint model (Breakspeare & Jones, 2020) to conduct an action research cycle (Vale
& Delahunty, 2022). These small-scale action research projects (teaching sprints) conducted with
small teams of teachers at their school provided the school mathematics leaders with evidence of
practices that were effective for their students and worthy of both celebrating and continuing. The
Teaching Sprint also provided a collaboration and consultation process that supported them to
develop respectful relationships with teams of teachers.

Whilst the model of adaptive expertise used by Bransford and colleagues (2005) included the
components of innovation and efficiency, the framework developed by Yoon et al. (2019) has three
components: flexibility, deep level of understanding, and deliberate practice. Flexibility is
manifested in the teacher’s ability to integrate aspects of their knowledge in relation to the teaching
act with the goal of improving outcomes while responding to their specific contexts. This may
involve acknowledging and recognizing cultural and gender diversity of students as well as
knowledge of their prior learning. A deep level of understanding involves the teachers’ ability to
recognise meaningful patterns quickly, allowing one to attend to deeper-level problem solving and,
in turn, facilitating students to perform at a higher level. That is, the ability to act in the moment is
a manifestation of a deep level of understanding. Finally, deliberate practice concerns the teacher’s
ability to engage in reflection during the lesson and when reviewing the lesson individually, or with
a co-teacher, to consciously deliberate about students’ engagement and learning, their teacher
actions, and the use of regulation processes to ensure cognitive engagement of all students.

What’s interesting about the Yoon and colleagues’ (2019) model of adaptive expertise, is the
similarity of the components of adaptive expertise with those of generative teachers. Generative
teachers use deliberative reflection to improve their knowledge, planning and teaching. They aim to
be flexible when acting-in-the moment and when responding to individual student. They also aim to
develop their knowledge of the content and their teaching context, their students and the school’s
practice architectures (Kemmis et al., 2014).
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Adaptive Expertise in Interdisciplinary Mathematics and Science Project

The aim of the three-year Adaptive Expertise in Interdisciplinary Mathematics and Science
project is to improve theoretical and practical understanding of the nature and development of
primary teachers’ adaptive expertise in interdisciplinary mathematics and science. The key research
questions are:

e How can primary teachers’ adaptive expertise in interdisciplinary mathematics and science
be characterised in terms of components and levels?

e To what extent, and how, does primary teachers’ adaptive expertise change and develop
during a trajectory across two school years aimed at interdisciplinary mathematics and
science in a co-plan, co-teach and co-reflect approach?

The study uses a mixed method longitudinal research design. Pairs of Year 5 or Year 6 teachers from
five schools will co-teach the same two sequences of STEM lessons twice, that is, in two of the three
years of the study. The two sequences of STEM lessons designed for the study were Keep your
Finger on the Pulse and Journey through Space (Hughes et al., 2022). Data will be generated using
an initial teacher interview and an online questionnaire constructed using videoed episodes of
teachers’ practices. These video episodes were collected during the pre-study trial of Keep your
Finger on the Pulse. Each of the STEM lessons taught by the co-teachers will be video-taped and
co-teacher interviews will explore their reflections on their teaching using video recordings of their
teaching, and researcher observations of these lessons. The adaptive expertise framework developed
by Yoon and colleagues (2019) has been used to select video episodes and construct items for the
video-based questionnaire. This framework will also be used to analyse post-lesson co-teacher
interviews.

Research about the development of teacher’s knowledge and practice of mathematics teaching
is essential for improving student engagement, learning, equity and social justice. We need to
continue to develop understanding of students’ mathematical thinking as the socio-political context
for learning changes and evolves as this research provides resources for teachers’ deliberative
reflection. We also need to continue to research the socio-political-economic context of schools and
systems to ensure that teachers can engage in generative practices and develop adaptive expertise.
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