Math Ed Res J (2015) 27:147-164
DOI 10.1007/s13394-014-0134-7

ORIGINAL ARTICLE

A marriage of continuance: professional development
for mathematics lecturers

Bill Barton - Greg Oates - Judy Paterson -
Mike Thomas

Received: 25 March 2014 /Revised: 13 September 2014 / Accepted: 16 September 2014 /
Published online: 26 September 2014
© Mathematics Education Research Group of Australasia, Inc. 2014

Abstract In a 2-year project, we developed and trialled a mode of lecturing profes-
sional development amongst staff in our department of mathematics. Theoretically
grounded in Schoenfeld’s resources, orientations, and goals (ROG) model of teacher
action, a group met regularly to discuss both the video excerpts of themselves lecturing
along with written pre- and post-lecture statements of their “ROGs”. We found
evidence of improved teaching performance but more interestingly, identified key
aspects of our practice and of undergraduate mathematics that received repeated
attention and developed further theoretical insight into lecturer behaviour in mathemat-
ics. The trial has been successful enough to be expanded into further groups that now
constitute a professional development culture within our department.

Keywords Professional development - Mathematics - Lecturing - Undergraduate -
Orientations - Goals

It was inevitable. The moment at the beginning of the 1990s when the professors in the
Department of Mathematics decided to appoint mathematics educators into the depart-
ment, you could have predicted that, eventually, thoughts would turn to pedagogical
professional development for mathematics lecturers. Twenty years is elephantine as a
courtship, conception, and gestation period but the baby has eventually been born
healthy and ready to yell. We have three aims in writing: to trace, briefly, the way
professional development for lecturers came to life in a department of mathematics; to
describe a research project; and to report on the research evidence which, we believe,
demonstrate the effectiveness of a group discussion of video lecturing guided by
theoretical analyses, all taking place in an atmosphere of trust.

"We note that what we refer to as lecturers are more often called instructors in the USA.
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Courtship and conception

The first mathematics education appointments were ex-secondary teachers with strong
mathematics degrees; that is, experienced teachers but emerging researchers. Bringing
mathematics educators into a mathematics department did not meet with universal
approval. The competition for resources and a desire for appointments in other areas
added to lecturers’ anxiousness about being judged in the pedagogical field. It took
about 5 years for the Mathematics Education Unit (MEU) to be recognised as pulling
their weight in attracting resources into the department and also as adequate teachers of
mathematics at first- and second-year levels. Only then did a few mathematicians
become interested in the educational research and development activities.

In the first decade, three main factors contributed to the success of the MEU. The
most important was that the Unit served the functions for which it was proposed, that is,
creating stronger links with schools in order to attract students into the mathematical
sciences. Furthermore, members of the Unit were successful on standard university
criteria: winning external research grants, performing service functions in the wider
community, being promoted, publishing and developing international research recog-
nition, as well as achieving high teaching evaluations.

The second factor was the unwavering support of senior staff. It was the professors
who argued for the MEU’s expansion, and it was the Deans of both Science and
Education, and the Vice Chancellor, who requested that the Unit consider delivering
preservice secondary teacher education in the mid-1990s. Our successful foray into this
area established the reputation of the Unit both internally and externally.

A third factor was a collegial one. As ex-school teachers, members of the MEU were
more socially active than had been the norm in the department, and mathematicians
were drawn into a more interactive (if noisy) environment. A number of new appoint-
ments in the department contributed to the growing interest in pedagogical issues.

It was inevitable that MEU members’ interest in tertiary education would grow as
we were predisposed to being reflective about our own lecturing. The Mathematics
Department tearoom had always been a place where students’ performance, assess-
ment, and curriculum issues were discussed but the cynical one-liners moved aside for
longer, and sometimes heated, debates about technology, student behaviour, the chang-
ing student demographic, and the demands of other departments.

In addition, as mathematics education researchers, we had grown in our research
practice, our understanding of theoretical issues, and our confidence to tackle larger
projects. This turn of our attention to the tertiary environment coincided with an
increasing university demand for all staff to produce evidence of their pedagogical
effectiveness. Thus, by 2008, the MEU was firmly established as an entity and
recognised as a component part of the department. We argue that this courtship was
significant for subsequent events.

A wider context for the study was growing attention to tertiary education. During the
1980s, for example, Halloun and Hestenes (1985) found that traditional instruction
resulted in very little conceptual change for physics students. Others took up the
challenge and began collecting research evidence for more interactive modes, for
example, Hestenes himself (1987), Richard Hake at Illinois (1985), and Eric Mazur
in Harvard (2009). The subsequent search for pedagogical alternatives included team-
based learning (Michaelsen et al. 2002), the Moore method (Cohen 1982), collaborative
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group work (Grouws and Cebulla 2000), and the utilisation of web-based tools
(Markauskaite et al. 2006). The awareness of the need for improved pedagogic
practices meant that university employers began to ask for evidence of teaching
effectiveness.

Tertiary institutions then began to support activities that evaluate and improve
teaching. Student evaluations are now pervasive, and many universities have diplomas
in tertiary teaching. Most development is generic across disciplines, which may be why
some lecturers perceive such courses as irrelevant. As professionals, university staff do
not embrace their own professional development in a comprehensive way.

The birth of the project

The acceptance of mathematics educators within a mathematics department, the
external pressure to address teaching issues in the university, together with a visit
from Alan Schoenfeld from UC Berkeley, and a research grant opportunity led to
the development of DATUM: a project for the Development and Analysis of
Teaching in Undergraduate Mathematics. The project involved a group of eight
staff (four mathematicians and four mathematics educators) making videos of
their lecturing and using these in-group discussions enhanced by pre- and post-
lecture statements of intent and reflection. We have audiotapes of all discussions
and interviews of all those video-taped.

We begin with a discussion of the theoretical foundations of the project and then
describe how the project developed and the manner in which data was collected.

Theoretical underpinnings

Compared with school-based research, investigations into undergraduate mathematics
education had been relatively modest until the last 10 years (Selden and Selden 2001).
Many papers are by lecturers writing about their teaching methods or descriptions of
innovative courses. However, “very little research has focused directly on teaching
practice—what teachers do and think daily, in class and out, as they perform their
teaching work™ (Speer et al. 2010: 99). One reason for this gap has been described as
the strained relations between professional mathematicians and their mathematics
education colleagues, leading to a lack of productive dialogue on pedagogy and hence
few collaborative research efforts (Artigue 2001; Nardi et al. 2005). We believe that the
process followed in our department has found a possible way through this potential
impasse.

Any investigation of teaching practice has to include the thinking, judgments, and
decision-making of lecturers as they prepare for and teach undergraduate mathematics
classes (Speer et al. 2010), and this requires a suitable theoretical framework for
analysis. Over a number of years, Schoenfeld (2008, 2010) has worked to refine a
theoretical framework for goal-oriented decision-making in school teaching. His frame-
work employs the knowledge, orientations, and goals (since renamed resources, orien-
tations, and goals or ROG) that teachers call upon to describe how these are linked to
in-the-moment decisions made in the classroom.
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The framework helps to analyse, and reflect on, how decisions are made. In this
context, a teacher’s goals may be large or small and either pre-conceived or arise during
the lesson. The goals may also be immediate or long term and conscious or uncon-
scious. An individual’s orientations, “...an inclusive term encompassing a group of
related terms such as dispositions, beliefs, values, tastes and preferences.” (Schoenfeld
2010: 29) not only shape the goals set but also “...the prioritization of the goals ... and
the prioritization of the knowledge that is used in the service of those goals.” (ibid., p.
29). Once the teacher has oriented himself and set goals for the current situation, he
decides on the direction to take to achieve the goals and call on resources, which,
according to Schoenfeld (2010), primarily comprise teacher procedural and conceptual
knowledge, along with heuristics or problem-solving strategies. However, resources
also include available physical entities, such as pens and whiteboards, textbooks,
models, digital technology, etc., as well as attributes including time and energy. Thus,
decision-making involves complex interactions of an individual’s ROG for a given
situation, and it can be seen as a dynamic, changing entity that is updated as a result of
teaching interactions. The quality of the decision-making affects how successful a
teacher is in attaining his goals. The metacognitive processes of self-monitoring and
self-regulation are also important in deciding how well things are progressing
(Schoenfeld 2010). Orientations are crucial since “What people perceive, how they
interpret it, and how they prioritize the ways they might respond to what they see are all
shaped in fundamental ways by their orientations.” (Schoenfeld 2010: 44). Teachers
with different sets of beliefs and values regarding what counts in learning mathematics
will make different choices. Knowledge, similarly, is critically important in order to
understand what students say and to provide tools to react to it.

Schoenfeld’s framework has been used to investigate how teacher beliefs about
the nature of teaching, learning, and mathematics can influence practice, including
goal setting (Aguirre and Speer 2000), as well as to describe how subject matter
goals and beliefs can dominate pedagogical content goals and beliefs (Torner et al.
2010). While the framework had previously been applied only to school teaching,
the principles appeared highly relevant to the lecture situation. Other research by
Kane et al. (2004) had concluded that while good teaching is not innate, it can be
learned. Further, they suggest that the key for new teachers at the tertiary level to do
so 1s the development of the skills of reflective practice. Our aim was to use the
framework to encourage this.

Having established a theoretical framework, there was still a need to attend to the
group construction since an individual’s development of mathematics teaching practice
“is most effective when it takes place in a supportive community through which
knowledge can develop and be evaluated critically” (Jaworski 2003: 252). We were
aware of the principles of effective communities of practice (Lave and Wenger 1991)
and the culture of enquiring conversation for professional development (Rowland
2000). Our intention was to build a co-learning group (Jaworski 2001; Wagner
1997), where both mathematics educators and mathematicians are learners, engaged
in action and reflection. In our case, all the mathematics educators were also lecturing
university mathematics and so we were what Jaworski (2003) calls insider researchers
and hence developed our own teaching. One role of such a community of inquiry is to
reflect critically on the process of teaching practice (Jaworski 2003; Wells 1999). In this
kind of environment, new norms can emerge that influence cultures of practice
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(Jaworski 2001). All members of our community were co-learners who took part in the
development of a language and an attitude that enabled us to be critical about each
others’ practices in an acceptable way—referred to in the literature as critical alignment
(Jaworski 2006; Wenger 1998).

A key component of developing expertise in teaching practice involves decisions on
where to focus one’s attention (Russ et al. 2011), which may involve advance prepa-
ration in order to attend to specific events (Mason 1989, 2002, 2008). One aspect of
Mason’s discipline of noticing is ‘noticing-in-the-moment’, which can lead us to
informed action-in-the-moment, and is enhanced by structuring our attention. One
example of an area that repays attention is noticing the use of questions in teaching
practice. As Mason (2000) observes

the style and format of the questions used by lecturers and tutors profoundly
influence students’ conceptions of what mathematics is about and how it is
conducted. By looking at reasons for asking questions, and becoming aware of
different types of questions which mathematicians typically ask themselves, we
can enrich students’ experience of mathematics. (p. 97).

We therefore set out to examine university mathematics teaching practice
using a team approach (Keynes and Olson 2001) with a supportive community
of inquiry in which lecturer ROGs could come to the fore in discussions and
reflection on practice. One hypothesis was that if lecturers had a desire to
improve their teaching practice then an explicit awareness of the ROG might be
a step to improved practice.

The engagement: How the project developed

In late 2008, we received a visit from Alan Schoenfeld and spent some time discussing
how to apply his ROG framework. We turned his ideas on ourselves as lecturers, and in
2009, four of us in the MEU, with a visiting teacher fellow, began, as part of our own
professional development, to video ourselves, to be explicit about our “ROGs”, and to
discuss video excerpts in a small group, with Alan contributing on Skype. Then came
the opportunity to apply for a large grant. We invited those of our colleagues who we
thought would be interested to join the research and were delighted with a 100 %
positive response. We wrote an extended proposal for a major project we called
DATUM. The DATUM research questions addressed in this paper are

* How can Schoenfeld’s resources, orientation, and goals (ROG) framework be
adapted to support lecturer professional development?

» Can an effective lecturing professional development strategy be built around peer
discussion of lecturer ROGs matched against videoed lecturing practice?

When we won the funding, we began construction of a supportive community of
inquiry with the aim of collaborating in an examination and discussion of lecturer
actions and practices as seen through video recordings (Kazemi et al. 2009; Prushiek
et al. 2001).
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In this discussion, we draw on data collected over the following 2 years. Six
members agreed to videotape at least two lectures per year, including all the mathema-
ticians. All of them, before and after the lectures, wrote notes based on their ROG for
the lecture. An example of a ROG is given in Fig. 1. It was not considered necessary to
ask all the lecturers to be recorded, and one of the other lecturers taught a mathematics
education course that was not suitable for the project anyway. Where possible, the same
lecturer was videotaped again at a later date. At each videoed lecture, another person
observed and took notes. The lecturer selected a 2- to 4-min excerpt from the videotape
to be watched by the group. Counterintuitively, lecturers chose parts in which they felt
less comfortable. For example, mathematics educators chose parts where their mathe-
matical knowledge might be questioned, and mathematics researchers chose moments
of pedagogical concern.

The group had three 1-hour meetings each semester to discuss lecturing, prompted
by viewing one or two excerpts and the ROGs. A total of 19 lectures were captured on
video, and 15 full meetings were held. Data included the videotapes themselves, voice
recordings, and transcripts of the meetings, analysed against a code representing
features identified as recurring or of interest. Also, each of the mathematicians was
interviewed about their experience. One of the mathematics educators describes his
experience in detail in Barton (2011). Finally, as a check on reliability and validity,
independent evaluators examined lecture recordings for evidence of changes in practice
(see below).

We used the ROG framework to analyse our data and present evidence that lecturers’
resources, both mathematical and pedagogical, were enhanced; that we developed
increased awareness of our orientations; and that the process led to shifts in goals that
were seen as productive.

A feature of the community was its supportive nonjudgmental nature. [In the
following, Sandy, Simon, Abi, and Mark are the mathematicians’ aliases]. As Sandy
said “I would like to.. record that I have been very happy with the supportive
atmosphere, it’s been very.. I haven’t felt nervous about having people in my lecture
or watching the video”. This was despite his admission that “It’s pretty revealing
watching yourself being videoed isn’t it?” Without the level of trust that was developed,
none of the interactions would have occurred.

Lecturers frequently chose to focus the group’s attention on interludes in the lecture
when unexpected decisions were made. These discussions revealed a balance between
the pedagogical and mathematical demands of teaching situations (Paterson et al.
2011a). The ‘mixed’ nature of the community was seen as an asset. Mark commented
that he “gained a mathematics education perspective of the [video] clip, which clarified
in my own mind what I do when I teach...It’s good to have some of the theory behind
it”. The reverse was also true.

In an earlier paper, we have explored the role of the internal disciplinarian (Paterson
et al. 2011b) where we highlighted the tension in balancing pedagogical and
mathematical demands in lecturing. This tension was the subject of numerous
debates. Jaworski et al. (2009) also speak of the tensions experienced by lecturers
arising from a desire to satisfy both student needs and mathematical values.

In the following section, we examine the discussions that occurred, the pedagogical
and mathematical issues that arose, the goals that were articulated and altered, and the
role awareness of orientations plays in decision-making and promoting reflection.
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KOG

Lecturer: [Name]

Course: [Number] "Number Theory"

Date: Wednesday August 18, 2010
Lecture: Introduction to continued fractions

Knowledge

The students' knowledge: This is a [4™ year] course. I assume mathematical maturity and
independence. I assume the students have strong background in algebra and are able to work
out details and read proofs in their own time. I also assume an interest in (and curiosity
about) numbers. I assume the students welcome a challenge.

Specific knowledge relevant for this lecture: Good ability with algebraic manipulation,

fractions and real numbers. I assume they know that 2 ~ 1.414.

Lecturer's technical knowledge: Number theory, both theoretical and computational.
Experience with developing analogies which allow clear motivation for the problems being
considered. Experience in difficulties that students sometimes have with learning this
material.

Orientations

I believe the class to be attentive and serious. The majority of the students are very talented at
mathematics and pick up new ideas quickly. There are 1 or 2 students who are not as quick
as the others (but are still good and able students), and it is important for me not to go too
quickly for them. The class are very reluctant to speak or ask questions in class (even when
it is clear they know the answers), which is a pity. This is possibly due to the presence of a
few MSc and PhD students who are sitting in.

I hand out detailed lecture notes so I assume most students are not writing down very much
during the lecture. I assume they are following the details closely and learning the content in
real time. I always have at least one exercise in the lecture, where I give the students several
minutes to work something out for themselves. In this lecture it will be a computational
exercise, but often it is a proof.

This is a theoretical course and I place a lot of emphasis on being able to understand the
theory and do proofs. I also use practical applications as motivation, and there is plenty of
computational content as well.

For the specific lecture, I want continued fractions to appear as a natural concept (hence the
spiel about representing numbers if you had an infinite number of fingers). The applications
of continued fractions will come in the following lectures, so it is important that this lecture
maintains interest just for its own sake.

Goals

The goals of the course are to survey those topics in number theory which are most
traditionally taught at masters level (with a slight bias towards my own areas of interest).
The course is designed to be good general preparation for post-grad study in number theory.
The course will also increase the students’ mathematical maturity, in particular it will give
exposure to different proof techniques and with many abstract concepts. The course also
shows how the structure of mathematics grows and how initially mysterious problems can be
tamed by making appropriate definitions and developing the right theoretical tools.

The goals of the lecture are: To define continued fractions, to show how to compute them,
and to prove some basic theoretical results. The most important theoretical part is to state and
prove correctness of the recurrence formulae for computing the convergents. This proof
works by studying a more general problem (real coefficients). I hope to give a flavour for just
how neat this proofis -- it is an example of how in mathematics it is sometimes easier to
prove a more general result. This fact relates to one of the themes of the course: emphasizing
to the students how the right theoretical tools and proof techniques can tame a mathematical
problem.

Fig. 1 An example of a ROG written by a mathematics lecturer
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Resources—pedagogical

A wide range of pedagogical questions were discussed: how to encourage
students to ask and answer questions, what to do when a student gives an
incorrect answer to a question, how to promote discussion and student response
in lectures, the role of lecture notes, and when to ensure the mathematics is
completely correct. It was a feature of the project that, once raised, concerns
were frequently revisited in subsequent meetings.

In an early lecture, Abi focused our attention on an incident in which a student gave
an incorrect response to a question. There was a spirited debate around possible paths
of action, informed both by people’s experiences and research on lecture interactions,
for example, Initiation—Response—Evaluation (IRE) questioning sequences (Mehan
1979). Subsequent discussion raised the question of engaging students through
questioning. At the end of the semester, Mark ran an innovative and effective revision
lecture, asking students to send in email questions and preparing answers to these.

Writing ROGs made people more aware of their knowledge of the students. We saw
in our analysis of Simon’s decisions (Paterson et al. 2011b) that when he saw the
students in the class as talented, he paid more attention to “inducting them into being
mathematicians”. He later said “Before a lecture you should ... remind yourself who is
in the class, what they know, and it’s astonishing to think that that is not automatically
done...It forced me to think much more clearly about what my expectations of the
students really are...I think I probably should write a ROG every time five minutes
before my lecture just for the pure reason to remind myself that there are students out
there and they have a position”.

Resources—mathematical

The importance to lecturers of the mathematics (Keynes and Olson 2001) and ensuring
that the mathematics they taught was correct was noted above. The mathematicians’
fine-grained exploration of mathematical ideas was, for us mathematics educators, very
exciting. We briefly entered, with our colleagues as guides, the worlds of mathematics
they inhabit. We learnt in some depth about continued fractions, stochastic differential
equations, logistic equations, phase portraits, subgroups, differential equations, and the
finer points of continuity.

The mathematicians in the group conduct research in a range of mathematical
disciplines: algebra, number theory, and applied mathematics. They enjoyed the diver-
sity of reactions to their ‘slices of teaching’. For example, in a discussion about
sequences and series, there was a spirited discussion about why at school we tend to
ask students to find a general equation linking the value of a term to its position rather
than working with the recursive form of the relationship between terms. In contrast,
they argued that a recursive formulation is more useful; it is more commonly utilised in
research that seeks to predict a future scenario on the basis of current modelling of data.

A question that falls in the grey area between pedagogy and mathematics is the role
of other resources, technology (in the form of MATLAB), and lecture notes—ypossibly
from a previous lecturer. Becoming more aware of their role in the teaching and
learning process has proved interesting. We saw how Sandy interacted with
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MATLAB and Simon’s ‘argument’ with his notes that led to his spending time ‘making
the mathematics right’.

The discussions about content items described above frequently contained
references to the perceived value of the content, such as which aspects of it
were critical to the current lecture and which elements may be needed for future
learning. While not always framed within this context, these discussions in many
ways reflect the content—value categories described in Oates (2009) and Barton
(2011). The apparent differences in the ways colleagues perceived the relative
pragmatic, epistemic®, and heuristic (referred to as pedagogical in Oates 2009)
values of specific topics provoked considerable discussion and evidence of the
role our orientations provide in the organisation of our lectures and the decisions
we make about how we teach a certain topic. It became clear that in writing their
ROGs, lecturers are often able to articulate their goals more clearly than their
orientations. Consequently, we address goals next and discuss the role of orien-
tations at the end of the section.

Goals—and shifts

In writing their ROGs, most lecturers were clear about their goals for both the course
and the particular lecture (see Fig. 1). For example:

» The goals of the course are to survey those topics in number theory that are most
traditionally taught at masters level.

» The goals of the lecture are to define continued fractions, to show how to compute
them, and to prove some basic theoretical results.

They were also aware when these are not met or deviated from. For example, Simon
stated in the ROG he wrote before a lecture that, “I assume the students have strong
background in algebra and are able to work out details and read proofs in their own
time. The ‘slice’ of the lecture he chose for the group to watch showed that he did not
do that for reasons that became clear during the discussion. We have discussed this
decision and its connection to his orientations in depth in Paterson et al. (2011c).
Instances of deviating from stated goals often gave rise to discussions that revealed
underlying orientations. It may well be that the surfacing and awareness of orientations
1s a major mechanism for change, leading to the professional development identified in
this project.

Awareness of orientations
The issue of awareness of orientations appears to be a crucial aspect in the decision-

making that leads to changes in practice. In support of this, Paterson et al. (2011a: 993)
conclude

2 Here we follow Artigue (2002) in considering pragmatic value as “productive potential (efficiency, cost, field
of validity)” (p. 248) or how much can be efficiently accomplished using something and the epistemic value as
a contribution “to the understanding of the objects they involve” (p. 248).
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Creating a forum to discuss the decisions involved in lecturing situations often
leads to an awareness of unarticulated, taken as given, orientations and their
consequent impact on teaching. Awareness of any inner tension and the need to
resolve it (Speer 2008) is an important part of reflecting on our role as tertiary
teachers. Encouraging this engagement can result in effective incremental pro-
fessional growth (Speer 2008).

It was clear that the lecturers were much less able to articulate their orientations than
their goals and resources. Frequently, they only emerged during the discussions. For
example, Abi said in her ROG that “I see this whole course partially as an exercise in
‘public understanding of mathematics’, and so try to treat the lectures as such—rarely
going into much depth mathematically”. However, it became clear during the viewing
and discussion that there were certain mathematical ideas that she felt had to be
articulated, even if only to herself.

So you know that f,,,; is bigger than f,, so this is going to be a number that is
bigger than 1.

Right? [sounds as if she hears herself and adds this] Or equal to 1.

In a later discussion with Simon, she asks “So should you just ignore that corner [of
important mathematics] and just hope that it’s not noticed? But then is that bad because
you’ve somehow told them something incorrect?”

In an interview with Sandy, it became clear that, having satisfied his primary goal of
ensuring that the students were aware of the periodic nature of the solution to the
logistic equation, his teacher orientation took control and he chose not to pursue a
problem the MATLAB solution had raised. By contrast, Simon in a similar situation
chose to follow the mathematics and ‘make it right’. We referred back to these moments
frequently and used them to amplify subsequent decisions and call orientations into
question. When discussing a later video of Sandy’s on stochastic differential equations,
one of the authors was able to ask, without needing to elaborate, “So who is in charge
here, Sandy, the teacher or the mathematician?”” To which Sandy replied “I think both!”

This interesting phenomenon of an internal debate between the lecturer as teacher
and the lecturer as mathematician (Paterson et al. 2011a; Paterson et al. 2011¢) was
observed on a number of occasions. It appears that lecturer decisions can at times be
explained in terms of the outcome of this debate. On some occasions, it is the
mathematician that ‘wins the day’ and pursues the mathematics, seeking to ‘make it
right” despite the students being unworried about the ‘notational conundrum’ he has
seen looming up ahead. On other occasions, the teacher prevails, conscious that, for
these students at this time, the important pedagogical goals have been attained and the
deeper understanding of mathematics needs to be left for another day or another course.
We have already seen evidence of Abi assuring herself in an aside about the finer points
of an argument.

We have found it useful (Paterson et al. 2011a) to explain in-the-moment decisions
by teachers in terms of the relationships between clusters of orientations influencing
current goals, in the manner of Thagard (2000) ‘raft’ of beliefs. The way in which the
orientations are clustered, and the relative importance of these clusters, seem to play a
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part in establishing the priority of the goals. We reiterate that, in terms of professional
development, it is our orientations that we often have the most difficulty identifying and
hence these may best be revealed through a discussion of decisions. Given our
argument that such decisions can be explained in terms of clusters of orientations,
increasing awareness of these may begin to explain the effectiveness of this mode of
professional development. We contend that promoting an awareness of such inner
tensions is an important part of reflecting on our role as tertiary teachers, which in
turn will enable an effective, incremental approach to growth in professional develop-
ment (Speer 2008).

Promotion of lecturer self-reflection

DATUM provided an opportunity for individual lecturers to observe themselves. Did
this promote self-reflection? The unequivocal answer is “Yes”. For example, Simon
commented that he is now much more aware of the importance of articulating his
thinking to the students. One of the mathematics educators made use of the opportunity
of having five recordings of the same lecture over a 2-year period and his colleagues’
comments. He used the data to try out a framework that was designed to capture what is
important about undergraduate course delivery, asking, Can I design a framework that
will grow my understanding by shedding new light on an old practice? What frame-
work will make it easy to see how I should change my courses or lecture more
effectively? Simultaneously, he reflected on both his practice and the way he developed
his practice (Barton 2011). The lecture that was captured, and recaptured, follows an
introduction to vector spaces. Students meet the concept of an eigenvector—a concept
they will use not only in applications but also in further mathematics as the course
develops. The framework focuses on the interplay between aspects of the “mathemat-
ical essence” of the lecture and aspects of the “learning culture” in which it is
embedded, observing the interplay from each of three perspectives: the immediate
practical value of what is going on (the pragmatic contribution), the way the lesson
contributes to broader understanding (the epistemic contribution), and the future value
of the work (the heuristic contribution). Four episodes in the lecture were analysed in
depth—two are briefly described to demonstrate the level of reflection achieved.

The opening 2 min of the lecture was spent differently in each recording: electing a
class representative, explaining the usefulness of eigenvectors, establishing desired
norms for lecture behaviour, and describing how the Google search engine works as
an example of an application of eigenvectors. Contemplating this variation made the
lecturer aware that in the interaction between mathematical essence and learning
culture, there are many competing priorities. But the first few minutes are the moments
of most attention and should be used carefully. Using that valuable time to elect a class
representative was not efficient, and the Google example is probably interesting enough
in itself to be placed elsewhere with more effect. However, both setting learning culture
norms or giving a wider overview of where this material is heading are good uses of
that time. As a result of this analysis, the lecturer is now motivated to plan this time in a
deliberate way, rather than let serendipity determine his actions.

In the second videoed lecture, a student asked whether every matrix has an eigen-
vector. The lecturer latched onto the student question with delight, praising its inquis-
itiveness, and built it into subsequent lectures. The sequence of videos shows, first, the
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lecturer welcoming the question but being surprised by it and unsure of its nuances. On
the next occasion, he asked it deliberately but answered with a poorly disguised pretence
ofignorance. In the following iteration, he used the moment to highlight the nature of the
characteristic equation, and finally, he strategically posed the question as a production of
further mathematics and a preview of the concept of complex eigenvalues.

Reflecting on the sequence, the lecturer reported a certain amount of satisfaction. He
had correctly identified an important teaching moment, had made the correct decision
in the moment, and had subsequently developed this moment to have pragmatic,
epistemic, and heuristic value. But during group discussion, a colleague questioned
the lecturer’s espoused desire to model mathematical behaviour during lectures. She
noted that the effect of the evolution of the student question into a programmed
teaching moment had eliminated an opportunity to model mathematical behaviour.
The lecturer acknowledged the contradiction and is now thinking how to retain the
pedagogical value of the question in a way that retains mathematical processing.

These two examples highlight how having videos of (repeated) lectures can con-
tribute not only to reflection and changes in practice but also the benefit of both
collegial insight and of theoretical frameworks as a reflective aid. Even those members
of the group whose lecturing was not videoed report a heightened awareness of how
they ask questions and develop a range of interactions with students.

Finally, we discuss the outcomes of the project and summarise the key principles for
implementing this mode of professional development.

Outcomes
Seeking objective evidence

In order to obtain an objective perspective on our contention that there had been a
positive shift in lecturer practice, four experienced university mathematics educators
from the USA (3) and the UK (1), who were not involved in the project, were given
videos of three or four pairs of lectures from each of the three lecturers. The first lecture
in each pair was taken from early in the project and the second towards the end. Using
the evidence in the videos, they were asked to order them on the basis of perceived
professional development and provide reasons for their order. The result of the blind
assessment of the pairs of lectures was 70 % correct, with evaluators correctly assessing
which lecture was post-development in 3/4 cases for lecturer A, 3/3 cases for lecturer B,
and 1/3 cases for lecturer C. Indicative characteristics reported by the assessors
included confidence, student interaction, motivating examples, and content approaches.
Thus, we argue that there is some objective evidence that this professional development
process is effective in terms of improved lecturing performance, even in the short time
span of the project. In addition, data from the project has been used by lecturers in a
number of successful promotion applications to substantiate claims of professional
development in teaching practice.

It can be argued that further objective evidence of the value of the process exists in
the form of its voluntary uptake by other groups of lecturers, within the university, the
country, and internationally. One of the extensions arising from the project was an
application of the use of the ROG framework to examine the teaching practice of a
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mathematician at another New Zealand university. One of the authors formed a small
community of inquiry with another mathematics educator and the mathematician. The
research sought to determine the effectiveness of certain aspects of the lecturer’s
teaching of a second year linear algebra course. The project involved cycles of planning
the relevant teaching material, implementing them and then reflecting on and evaluat-
ing the results. As part of this research, the mathematician spent up to an hour after each
of 24 lectures writing a detailed diary reflecting on events in each lecture. He was also
interviewed twice by the two mathematics educators at the beginning and end of all the
lectures. Moreover, there were fortnightly Skype sessions after the lectures had finished
as part of the community’s discussion of issues arising. The interviews and the Skype
discussions were audio-recorded and transcribed.

This project extension also proved valuable for the mathematician, and, as reported
by Hannah et al. (2011: 983), he found participating in the community of practice an
enriching experience.

Sharing discussions with people who had taught similar courses gave him the
opportunity to reflect on his teaching practice. As these people were also educa-
tion researchers, the discussions were able to include ideas from recent research
about teaching, and this led to an increased awareness of his own orientations and
goals, which he hopes will lead to benefits for his future practice.

Further, those involved comment (Hannah et al. 2012: 1392) that “All the partici-
pants found the community of practice an enriching experience. Sharing discussions
with fellow teachers gave them the opportunity to reflect on their teaching”. This
collaboration is continuing, via a university in the USA, with two recent publications,
one of which considers the lecturing practice of another group member (Hannah et al.
2013a, 2013b).

It is now nearly 3 years since the conclusion of the project, and further evidence of
its continuing effect is that the local marriage has also produced offspring in the form of
three groups emerging from the project. These involve 10 lecturers and four mathe-
matics educators, many of whom have been successfully employing the same group
strategy for more than 2 years. In addition to the new members, all the previous
participants still at the university wanted to continue. In one of the new groups, a
lecturer, as the result of observing the ‘cheerfulness and energy’, a colleague evidenced
in a video, revisited her own video to discover that she ‘looked very serious and only
smiled once!” As a result, she has changed her ‘style’ to present a more cheerful
persona, which has also resulted in improved student evaluations! These positive
outcomes were the subject of a paper published in the proceedings of a recent
international conference (Paterson and Evans 2013). In another development, during
2012, two visitors of the mathematics department attended a series of our meetings.
One is a topologist from Galway who has subsequently referenced our endeavour in a
paper on professional development and notices involvement of five Irish mathemati-
cians (Breen et al. 2012). Our experience of working with mathematicians has also
impacted on our successful bid for a large grant supporting a research taking a holistic
look at student learning in undergraduate mathematics. Without the network of rela-
tionships developed before and during this project, we could not have begun to
countenance such a project.
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These developments support the assertion that this project provides evidence that an
effective professional development programme is one in which lecturers develop their
identity as continuous learners as part of their teaching practice (Carpenter et al. 2004).
Our experience would also suggest that while “teachers’ inquiry does not survive well
in isolation” (Carpenter et al. 2004: 8), it flourishes in a supportive community.

Key principles for future implementations

In our model of professional development activity, the community of inquiry members
reflect on shared pedagogical practice through the lens of the ROG framework (see
Fig. 2). The feedback from lecturers showed that the video/discussion process was very
positively received, with the most value gained from the group meetings and discus-
sions, although writing the ROGs and being able to watch oneself and others lecturing
were also very positively regarded. Both pedagogical and mathematical issues were the
subject of the community discussions, and this was reflected in improved lecturing.
Thus, the professional development strategy is not only a source of improvement in
both areas but is also a site where there is effective integration of pedagogy and content.

In summary, this research study has addressed key issues previously raised (Keynes
and Olson 2001) and provided evidence that the approach to professional development
adopted here has produced benefits for all involved. These include perspectives on
teaching improvements for all members of the community, along with insights into
mathematical constructs and thinking for the educators and educational theory for the
mathematicians. We conclude that there is good evidence that this form of professional
development is viable, effective, and positively received. Hence, university mathemat-
ics departments can successfully undertake effective lecturing development in a way
acceptable to staff, using a video/discussion group format with the ROG framework as
a lens. Hence, we strongly recommend that university departments in the mathematical
sciences consider implementation of a version of this programme. We recognise that
significant distribution and adoption of any educational innovation is only possible if its
use can be sustained in subsequent institutions (Coburn 2003). We hope that other
groups will wish to avail themselves of the opportunity to build ownership of a similar
professional development activity® and so we provide here a list of the key implemen-
tation principles as we perceive them.

* In order to focus group attention, only a short 3- to 4-min slice of the lecture video
is required, providing a sufficient springboard for discussion.

* The lecturer should have control over the selection of the lecture to be videoed, the
slice of video chosen, and whether any of it is viewed by others.

» The development of trust within the community of inquiry is essential. It is
preferable to induct members to the group, one or at most two, at a time.

» Consideration should be given to the optimum size of the community; we recom-
mend six members.

* Community composition should be homogeneous with respect to a focus on a
common discipline of interest.

* A full bibliography of activity related to the project is available from the authors.
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Fig. 2 An overview of the
professional development
framework

Community of Inquiry

* Community composition should be heterogeneous across a number of variables,
including research field (mathematicians and mathematics educators), mathemati-
cian background (pure and applied, different perspectives were in evidence on some
issues), years of experience, and seniority (from tutors to full professors).

* The ROG framework is highly recommended since it was effective in developing
and focusing the project and enhanced discussion, but may not be essential.

* Community members are encouraged to develop self-awareness of their teaching
style and to use this as a catalyst for change.
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