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We draw on our recent research to inspect again some of the theoretical perspectives we have been using to analyse data and to characterise teaching-learning in university settings. We focus particularly within a sociocultural perspective on Activity Theory (AT) and the construct 'the Teaching Triad (TT)', seeking to embed the TT within an AT perspective. To achieve this, we relate the Teaching Triad with aspects of the sociocultural setting both in and beyond direct interactions in face to face teaching. While this is mainly a theoretical paper, an example is taken from observations of teaching in university lectures in a Greek university to show how these theoretical perspectives have provided insights to the institutional and cultural complexities involved.

Introduction to University Mathematics Teaching (UMT)

By University Mathematics Teaching (UMT) we refer to any or all the teaching of mathematics which takes place at university level. In our own corpus of work we are particularly interested in face to face teaching in lectures and tutorials in which teachers design their teaching for the benefit of students who attend their sessions. We are interested in uncovering relationships between teaching and learning within the full sociocultural context of university life. This includes the institutional setting as well as the cultures from which teachers and students make sense of the interactions in which they engage. In particular, we seek to know more about "what teachers do and think daily, in class and out, as they perform their teaching work" (Speer, Smith & Horvath, 2010, p. 99). Our research addresses:

What is it that mathematics teachers do and think as they perform their teaching work in a university setting, and how does this relate to the mathematical meaning making of their students? [START_REF] Jaworski | Critical theorizing from studies of undergraduate mathematics teaching for students' meaning making in mathematics[END_REF] This question takes us into the didactical thinking of teachers who consider how best to enable students to think mathematically and develop understandings of mathematical topics; it includes teachers' pedagogic thinking in the ways in which they interact with students and use resources to promote students' engagement with mathematics; it includes also the ways in which teachers work within university affordances and constraints, the norms and expectations of university culture and their own educational histories, their views of mathematics and of what it means for students to learn mathematics and so on.

In our work to date we have used a number of theoretical perspectives to analyse data from teacherstudent interactions in university mathematics teaching. Largely we have taken a broad sociocultural perspective in which we aim to address both micro and macro aspects of teaching. In

Introduction to the Teaching Triad (TT)

The Teaching Triad (TT) is a theoretical construct developed from earlier research into the teaching of mathematics at secondary school level. It offers a way of characterizing mathematics teaching by acting as a tool for analyzing teaching data from classroom situations; it has also been used by teachers as a developmental tool [START_REF] Jaworski | Investigating mathematics teaching: A constructivist enquiry[END_REF][START_REF] Potari | Tackling Complexity in Mathematics Teaching Development: Using the Teaching Triad as a Tool for Reflection and Analysis[END_REF]. More recently it has been used to characterize mathematics teaching at university level and as an analytical tool at this level [START_REF] Jaworski | Sensitivity and challenge in University Mathematics Teaching[END_REF][START_REF] Jaworski | Critical theorizing from studies of undergraduate mathematics teaching for students' meaning making in mathematics[END_REF].

Although NOT a triangle, the TT comprises three inter-related elements or domains of teaching: Management of Learning (ML); Sensitivity to Students (SS) and Mathematical Challenge (MC). These have been interpreted in terms of the interactions that take place within a classroom setting and, as such, focus on the micro aspects of teaching, without overt focus on the broader situational and cultural focuses, the macro. Briefly, Management of Learning describes the teacher's role in the constitution of the classroom learning environment by the teacher and students. It includes classroom groupings; planning of tasks and activity; use of textbooks and other resources, setting of norms and so on. Sensitivity to Students describes the teacher's knowledge of students and attention to their needs, affective, cognitive and social; the ways in which the teacher interacts with individuals and guides.

group interactions. Mathematical Challenge describes the challenges offered to students to engender mathematical thinking and activity; this includes tasks set, questions posed and emphasis on metacognitive processing. These domains are closely interlinked and interdependent [START_REF] Jaworski | Investigating mathematics teaching: A constructivist enquiry[END_REF]. Research has shown that a good balance between SS and MC is needed for effective teaching: a lot of SS, but little MC can lead to good teacher-student relations but low mathematical progress; a lot of MC but little SS can result in students feeling stressed or unable to succeed. When challenge and sensitivity are well balanced, the result is "harmony"students are suitably challenged and stimulated while supported to achieve [START_REF] Potari | Tackling Complexity in Mathematics Teaching Development: Using the Teaching Triad as a Tool for Reflection and Analysis[END_REF].

The TT is associated with another familiar construct, the Didactic Triangle (DT) which links Teacher (Τ), Students (S) and Mathematics (M) and draws attention to relationships TeacherStudent; TeacherMathematics; StudentMathematics and links between these pairs (e.g., [START_REF] Rezat | From the didactical triangle to the socio-didactical tetrahedron: artifacts as fundamental constituents of the didactical situation[END_REF]. The TT expands the "Teacher" node of the DT, illuminating the links TeacherStudent and TeacherMathematics through the constructs SS and MC respectively while extending the DT to the wider classroom context through the construct ML. This wider context includes the resources a teacher uses in mediating between students and mathematics as expressed in the idea of a Didactic Tetrahedron in which there are 4 planes: the original DT linking TSM and the planes linking TSR, TRM and SRM (R=Resources/artifact; see Figure 2). . Embedding the TT into the sociocultural perspective

In this paper we re-examine the TT as a construct used within a sociocultural perspective and particularly its relationships to and within an Activity Theory analysis of teaching data. As a backdrop to AT we take Vygotskian perspectives involving particularly mediation, tool use, scientific concepts and the zone of proximal development (ZPD). Briefly, we see teaching as a process of mediation between teacher, students and mathematics (relationships are expressed simply in the DT and expanded in the TT). Teaching can be seen as mediating between student and mathematics: this is not a simplistic relationship but one with several dimensions which the TT serves to accentuate. The resources that a teacher brings to teaching (examples include mathematical symbolism, dynamic software, display media) are tools used in the teaching process; tools to facilitate learning (indicated by the extension of the DT to the DTetra). Scientific concepts are those distinguished by Vygotsky as involving theoretical learning in contrast with spontaneous concepts which arise from empirical learning (examples are mathematical concepts which need to be introduced by someonethey are not naturally occurring in everyday interactions). Daniels (2008, p. 314) cites Hedegaard (1998, p. 120) to suggest that "the teacher guides the learning activity both from the perspective of general concepts and from the perspective of engaging students in 'situated' problems that are meaningful in relation to their developmental stage and life situations". These words capture importantly the basic ideas of ML and SS in the TT of which we say more below. Daniels emphasizes the important relationship between the idea of scientific concepts and the ZPD as involving a teacher in bringing general theoretical knowledge to her interactions with students, while engaging students in concrete tasks from which scientific concepts can be abstracted. This suggests important relationships between a teacher's didactics and pedagogy expressed simply, the former involving the transformation of mathematical concepts into tasks and activity for students and the latter involving the organization of the social setting to enable students' engagement with mathematics (together these form the basis of ML in the TT). Within the ZPD, student engagement with a teacher's theoretical input can achieve better learning outcomes than would be achievable by a student's engagement with empirical tasks alone.

The concepts expressed extremely briefly above fit with the sociocultural perspective of A. N. Leont'ev, who makes the following point "in a society, humans do not simply find external conditions to which they must adapt their activity. Rather these social conditions bear with them the motives and goals of their activity, its means and modes." (A. N. Leont'ev, 1979, pp. 47-48). Here we focus particularly on Leont'ev's three layers of human action which constitute Activity. The outer, or top layer is labelled 'Activity' which according to [START_REF] Leont'ev | The problem of activity in psychology[END_REF] is always motivated, although the motive might not be explicit. Within Activity, the second layer consists of the 'actions' of humans engaging in Activity. Actions are goal-directed, such that the goals are always explicit or conscious. In the third layer, actions include 'operations', which depend on the 'conditions' within which actions take place. In earlier research we have used Leont'ev's layers to explain issues and tensions which have emerged from analyses between teachers' and students' perspectives on mathematics teaching and learning [START_REF] Jaworski | Bridging the macro-and micro-divide: using an activity theory model to capture sociocultural complexity in mathematics teaching and its development[END_REF][START_REF] Jaworski | An activity theory analysis of teaching goals versus student epistemological positions[END_REF].

If we think of the Activity of a university teacher teaching mathematics, within a university setting, subject to all the sociocultural forces within which the Activity takes place, we might think of the motive of this activity to be the mathematical learning of students participating within the complexities of this setting. Actions here are the teaching actions which take place as the teacher engages in the teaching process in relation to the mathematics which is the focus of teaching. Such actions are goal directed and relate to ways in which the teacher thinks about her teaching and acts in relation to her students. Thus, teacher intentions and theoretical perspectives form goals, and didactical and pedagogic processes form actions in this activity setting. The operations within this role, with which the teacher engages, are closely related to the practicalities of the role; for example, setting exams, creating VLE pages, assessing students' work. These operations must take place within the affordances and constraints of the university system which impose conditions on the operations.

Another model which is used very commonly to represent an Activity System, is the Expanded Mediational Triangle (EMT) from Engeström (e.g. 1998). This developed originally from Vygotsky's (simple) mediational triangle (the top part of the EMT) linking a subject with the object of her activity via the resources (tools, artefacts) employed in mediation. Engeström recognized the important mediational functions of other aspects of the sociocultural setting, such as 'rules', 'community' and 'division of labour' which expanded the roles of tools/artefacts, and which he added overtly in the EMT (see Figure 3). The 'rules' include university procedures and constraints, community includes both student and academic communities, and division of labour recognizes differences between student and teacher roles within the academic setting.

Example: Teaching in a lecture course in calculus with first year undergraduates

This example comes from the study of university lectures in first year calculus teaching in a fouryear mathematics programme in the mathematics department of a Greek University (see [START_REF] Petropoulou | How do research mathematicians teach Calculus[END_REF]. The lecturer is an established mathematician, with extensive teaching experience, who is very popular among the students in this department. The teaching takes place in an amphitheatre with more than 200 students. The course is compulsory and its focus is theoretical with an emphasis on proofs; in this example, the mathematical focus is the convergence of series. The approach is new for the students who have previously experienced calculus in high school as a set of methods and computations. Students' expressed opinions and the very low success rate in the course examination suggest that this course is experienced as one of the most difficult during the four year programme. A large number of students take more than four years to complete their studies (the average time is 6.5 years) and some of the students have part time jobs in order to support their studies financially.

The lecturer is aware of these sociocultural issues and takes them into account in his teaching, as our analyses show. For example, he says, "I do know that students get lost in their first year and that most find mathematics too difficult…if you don't pay attention as a teacher, the average duration of their studies could easily become 7 or 8 years". (In analysis we see here SS in cognitive, affective and social dimensions as we explain below).

The lecturer's teaching appears rather traditional as he is seen mostly standing at the front of the room, writing at the board, "telling" or "explaining" the mathematics with rare interaction with students. Nevertheless, we see many elements of sensitivity, taking into account students' learning needs. By scrutinizing his teaching actions and goals, we see that his main teaching goal is to make the content relevant to students, with associated actions providing comprehensive explanations, highlighting subtle points that cause students' difficulties, linking informal and formal representations, making connections with students' prior school experiences, emphasizing the importance of the specific content in mathematics, in the course exams and in other courses.

At the beginning of this episode the lecturer reminds students that they know they can add a finite number of terms of a sequence i.e. they know that the sum of a finite number of terms always exists. He points out that a central question is whether the sum of an infinite number of terms exists.

He establishes the importance of this question by saying that this is exactly what we mean when we say that if it exists then the series converges. He also highlights that the "big difference here" is that the number of terms is infinite. By relating the convergence of the series to the existence of a sum, he attempts to help students to make sense of the meaning of convergence (which may still be difficult however). This can also offer a mathematical challenge that is possibly not appropriate for the students to respond to at this stage. It acts more as a situated problem for introducing the relevant theorems about the convergence of a series.

He sympathizes with the students, through a personal story about a teacher he had at school for whom the convergence was of great importance. We might say that this story supports their comfort zone, offering affective sensitivity. He then formalizes a basic proposition related to the necessary condition for a series to converge: "If a series 1 k k a    converges, then the sequence ak → 0".

Here we see SS-cognitive in alternative expressions of the meaning of convergence, helping students to make sense of the concept of series convergence. We categorise the personal story as SS-affective/social, encouraging students in the lecture to have rapport with the lecturer and feel empathy with his approach to teaching them. These are pedagogic strategies which enable the lecturer to proceed to a more formal didactic stage in his explanation in which he acknowledges a problem they might find in a text book on the topic. "The books write 'consider the sequence Sn-1'. But what is the sequence Sn-1 if n=1? Is it S0? S0 is not defined! Ok?". His solution to this problem is to introduce a second sequence tn: "Now, I define a second sequence tn as follows -I am going to write down for you the terms of this sequence. First, I set something… let's say t1, to be equal to 0. Then I set the 2nd term of tn to be equal to S1, the 3rd to S2… Ok? … the 4th to S3 etc. Namely I set t1 to be 0 -you can set everything you want. So let tn be Sn-1, if n ≥2." He concludes this proof and then he offers a second proof based on the formal ε-δ definition. He compares the two ways by characterising the first way of proving 'the quick way' and the second ε-δ proof 'the slow way'. He provides all the details in both of these proofs highlighting the problem solving strategies that are usually used in proofs about series such as for example the use of partial sums.

These steps challenge students to engage with the mathematics of series in a more formal way. Perhaps this MC is scaffolded by the sensitivity observed in the earlier considerations. We see again the lecturer's drawing of students into his confidence in encouraging them to be critical of the text book, and in involving them in his reasoning for introducing the new sequence. We might see these careful steps on the part of the lecturer as his sensitivity in "paying attention as a teacher to his students' potential difficulties".

The lecturer subsequently takes the opportunity to remind students of the harmonic series

1 1 k k  
 the sequence of which tends to 0 but the series itself does not converge, and he uses this to justify that the inverse of the above proposition does not hold. He draws students' attention to the usefulness of this example in the forthcoming exams.

Further actions include providing resources and materials to students for their individual studying especially for those students who cannot attend the lectures, the structuring of the content, the teaching tools (board, supportive resources) and the traditional communication norms. In the analysis, Mathematical Challenge (MC) is often difficult to distinguish, appearing to be integrated into the SS. It is usually addressed through problem solving heuristics that are presented by him in explaining general mathematical strategies in specific cases of problems and theorems (e.g., the use of partial sums for proving the convergence of series) and by emphasizing metacognitive processes (e.g., comparing different solution strategies).

By referring to the EMT, we identify some links to the TT. SS is related to the lecturer's attention to the students' community (e.g., offering supportive resources for the students who do not attend the lectures, the delay for completing their studies). ML is related to the lecturer's attention to the university community (e.g., the tools that the lecturer uses and develops, the institutional rules such as examinations, large cohorts of students,) On the other hand MC is related to the community of mathematicians and to the mathematical practices that the lecturer brings into the classroom.

Discussion

In this example, the Activity is the sociocultural setting of teaching and learning. Seeing the teacher as subject (in the EMT) with the object of enabling students to make sense of the mathematical topic, mediators are the various artefacts/resources (such as the lecturer's board writing; his provision of on-line resources) as well as the cultures of students or teachers (student community. academic community), differing roles of students and teachers (division of labour), and the expectations of university lectures/tutorials and the four-year programme (rules). In Leont'ev's terms the Activity is the whole, the lecturing, with the motive of enabling the students to learn basic concepts and theorems of calculus by taking into account their learning needs. We see actions and goals particularly in the activity of the lecturer: what he does to achieve the main goal of making the content relevant to the students, such as explaining mathematics at the board to ensure that students are provided with clear accounts of mathematical concepts with which they can work further, providing on-line resources to help students who must work to support their studies.

The Teaching Triad cuts across the Activity Theory frameworks to interrogate the activity of teaching. It captures the teacher's actions as related to mathematics and to the students (MC and SS). Through ML, we see the teacher's use of artefacts: tasks and resources, pedagogic strategies to include and engage students, orchestration of the environment to facilitate learning. MC can be seen in the ways the teacher presents or provides access to mathematics, linking with what the students know and with what they are expected to do in the course exams. SS links the affective, cognitive and social elements of student engagement, rationalizing conventions and norms within the constraints and affordances of the institution. The triad presents a framework in which we see all the aspects of Activity through its three dimensions.

Elaborating further the elements of the TT discussed above, we see a close link between SS and ML in the teaching of this lecturer. SS has a strong social dimension apparent inside and outside the amphitheatre. For example, we see his concerns for providing clear explanations without interaction with the students as the institutional context and the affective constraints do not allow it. He says, "In an audience of 200 students, if you discuss with 2-3 of them, these probably will be the strongest students and the others will feel bad. … And finally nothing will remain on the board". He also takes into account students who cannot attend the lectures for various reasons (e.g., participating in social associations; socializing after the hard entry examinations; or having to get a job for financial reasons) by providing supportive online resources and materials. The lecturer teaches within the sociocultural setting described above. He engages with mathematics and with students: the fundamental relationships expressed in the DT. He uses a range of resources with which to engage students as expressed in the DTetra. The TT enables us to inspect these relationships in more depth, addressing the ways in which the lecturer engages the students and provides for their needs. We come to see that despite an approach that seems transmissive, he is nevertheless sensitive in social, affective and cognitive ways to what students need in order to make sense of the mathematics he offers. These needs relate strongly to elements of the sociocultural context in which the activity takes place including the number of students, the financial provision for their studies, and their struggles with mathematical formalism. We see lecturer's goals and actions, through which he demonstrates challenge and sensitivity, to relate fundamentally to his recognition of these contextual demands. While the AT frames (EMT and Leont'ev's layers) characterize teaching activity in its relation to context, the TT zooms in on the goals and actions to specify qualities of sensitivity and challenge and their management within the given context.

  Figure 1. The Teaching Triad (Jaworski, 1994).
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  Figure 2 . The Didactical Tetrahedron (DTetra) (Rezat & Straesser, 2012)
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