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The study reported in this paper is concerned with mathematical conventions, a discussion on which unfolded among mathematically competent discursants. The data came from a rich online thread, where practicing mathematicians, mathematics lecturers, graduate students and undergraduates at advanced stages of their studies were asked to share mathematical conventions "that are annoying, those that nobody likes but it's too late to cancel". Grounded in the commognitive framework, the study aims to delineate some rules that this discussion abided. Two discursive rules are presented herein: one rule calls for the use of the same symbols in different discourse communities to denote the same objects. The second rule appeals to a goodness-of-fit between mathematical objects and their conventional symbols. Some affordances that a discussion on conventions can bring to educational research and teaching practice are sketched.

Introduction and background

Accepting established mathematical conventionsfor instance, definitions of concepts, their names and symbolsis necessary for participating in a literate mathematical discourse (cf. [START_REF] Hewitt | Arbitrary and necessary part 1: A way of viewing the mathematics curriculum[END_REF]. However, research offers colorful instances of students and teachers grappling with some broadly accepted conventions. For example, in [START_REF] Kontorovich | Mathematical conventions: Revisiting arbitrary and necessary[END_REF], we asked pre-service teachers to propose arguments for denoting reciprocals and inverse functions with the same superscript '-1'. One of the teachers rejected the possibility that the two may have something in common beyond the symbol. After a comprehensive classroom discussion that revolved around the notion of closure under operation, the teacher amended his position and started using the terms "multiplicative inverse" and "inverse function". Yet, he still refused to use "inverses" for referring to reciprocals and inverse functions together. The rest of the class, myself included, remained rather defeatist about the abstract algebra argument being not convincing enough for the teacher. These communicational clashes resonate with [START_REF] Sfard | Thinking as Communicating: Human development, the growth of discourses, and mathematizing[END_REF] definition of a discourse as a type of communication "that draw[s] some individuals together while excluding some others" (p. 91); in the described episode, this feature could be ascribed to a discourse on mathematical conventions (DoMC).

At least two features distinguish DoMC from its mathematical congeners. First, it is substantially less deductive. While sequences of apodictic moves lead from a problem to a solution or from a theorem to a proof, the above episode illustrates that it might be difficult to justify a convention to a critical interlocutor (cf. [START_REF] Hewitt | Arbitrary and necessary part 1: A way of viewing the mathematics curriculum[END_REF]. Thus, familiar ways of mathematical communication might turn to be not transferable to DoMC. Second, DoMC mostly occurs among professional mathematicians (e.g., Kontorovich, 2016a;[START_REF] Knuth | Two notions on conventions[END_REF] and, in my experience, it rarely unfolds in regular mathematics lessons at school and university. Furthermore, a handful of studies show that teachers might intentionally avoid engaging in such a discourse with their students. [START_REF] Fukawa-Connelly | Responsibility for proving and defining in abstract algebra class[END_REF] reports on a lecturer in abstract algebra who wanted his students to engage in inquiry-based learning. He was more successful, however, in delegating the responsibility for proving to the studentsi.e. making conventional moves, rather than for developing definitionsi.e. introducing conventions. In [START_REF] Kontorovich | √9=? The answer depends on your lecturer[END_REF], I show how thoroughly three mathematicians promoted particular conventions in their teaching, while being fully aware that they contradict the conventions promoted by their colleagues. Thus, little seems to be known about discursive practices that can be considered as characteristic of DoMC.

The study at hand is interested in drawing attention of the mathematics education community to DoMC as it unfolds in mathematics classrooms and professional mathematics communities. Research has repeatedly shown that a disciplinary inquiry into experts' thinking and doing can benefit the mathematics education community practically and theoretically (e.g., [START_REF] Poincaré | The future of mathematics[END_REF][START_REF] Poincaré | The future of mathematics[END_REF]. This gives reason to believe that exploring the participation of mathematically competent discursants in DoMC might be insightful as well.

Theoretical framework

This study is grounded in the commognitive framework [START_REF] Sfard | Thinking as Communicating: Human development, the growth of discourses, and mathematizing[END_REF], whose usage in mathematics education in general and in university mathematics education in particular has been on the rise (e.g., [START_REF] Nardi | Commognitive analyses of the learning and teaching of mathematics at university level: the case of discursive shifts in the study of Calculus[END_REF]. Commognition posits that mathematical discourses are distinguishable through characteristic words (e.g., "reciprocal", "inverse function") and their use; visual mediators (e.g., the superscript '-1' symbol) and their use; generally endorsed narratives (e.g., conventions); and routines, which are repetitive sets of metadiscursive rules (or metarules) that attest to actions and re-actions of the discursants. Object-level rules, in turn, "are narratives about regularities in the behavior of [usually mathematical] objects of the discourse" (Sfard, 2008, p. 201). [START_REF] Sfard | Thinking as Communicating: Human development, the growth of discourses, and mathematizing[END_REF] posits that "object-level rules of mathematics, […] once formulated, remain more or less immutable" (p. 202), which might explain her main interest in discursant-centered metarules. The discourse of interest in this study revolves around mathematical conventions, a discourse the rules of which are said to be less known. Accordingly, the aim of this study is to discern some object-level rules that emerge from participation of mathematically competent discursants in DoMC.

The notion of object has an operational definition within the commognitive framework. [START_REF] Sfard | Thinking as Communicating: Human development, the growth of discourses, and mathematizing[END_REF] argues that when communicating, we operate with perceptually accessible signifiers (e.g., words, symbols) that are realized into other signifiers. For instance, "inverse" can be realized into " ", which can be realized even further forming a realization tree. In this way, "[t]he discursive object signified by S in a given discourse on S is the realization tree of S within this discourse" (ibid, p. 166). This definition turns discursive objects into personalized and contextualized structures. However, our occasional success in coming up with mathematical narratives that are endorsed by our interlocutors show that there is room for expanding the notion beyond a particular person. In this study, some mathematical objects are ascribed to discourse communities in the sense that their object-names/symbols and corresponding realizations and narratives are shared by people who are recognized as community experts in mathematics.

Method

This is exploratory research, the data for which comes from an online mathematical forum hosted on a popular social network. The forum communication occurs in Hebrew and it is far from sporadic. The forum has a clearly stated scope and descriptions of topics that are welcome for discussion. These include challenging theorems and problems in post-graduate mathematics, historical developments, and career paths in the discipline. Consequently, the forum brings together practicing mathematicians, university lecturers, graduate students, and undergraduates at the final stages of their studies. The forum activity is overviewed by a group of moderators who make sure that the posts are within the forum's scope. Posting in the forum requires registration, and the posts appear next to full and real names of their creators. This rather rigid frame of communication allows arguing that the forum discursants are committed to the ideas that they share in the forum at least to some degree.

As part of regular forum activity, one of the forum participants (FPs) raised the question, "Which conventions do you know in mathematics that are annoying, those that nobody likes but it's too late to cancel?" While this forum participant (FP1) did not elaborate any further on the meaning of the word 'annoying', the responses of FPs allowed to operationalize it as a tension between one's reconciliation with a particular mathematical convention and their awareness to its normative status in a broader mathematics community. The request for 'annoying' conventions was especially fortunate for this study, as it served as a methodological tool for illuminating discursive rules through breaching them (see [START_REF] Herbst | Research on practical rationality: Studying the justification of actions in mathematics teaching[END_REF] for the use of breaching experiments in mathematics education). FP1's call grew into a rich thread where 36 FPs enthusiastically engaged in a discussion on conventions and generated 132 telling posts. The thread constituted the data corpus for this study 1 . The sought discursive rules were inductively developed through an iterative analytical procedure [START_REF] Glaser | The discovery of grounded theory[END_REF]. At the first stage, the posts were divided into mathematical conventions around which they revolved. Then, the conventions were grouped according to their similarities in the 'annoyance' that they raised for FPs. This categorization identified a potentially confusing use of words and symbols, which instigated me to engage reflexively with the commognitive framework in a search for the underlying tenets that these situations violated. This step yielded initial rules that were reapplied to the whole data corpus aiming to check whether the commognitive logic concurs with FPs' posts. Such systematic alternations between the framework and data resulted in four rules; two of them, the ones that accounted for the majority of discussed conventions, are presented next.

1

The study abided the recommendations of the University of Auckland Human Participants Ethics Committee for research with data collected from the public sphere.

Two discursive rules that 'annoying' conventions violate "Same object-symbol -same object" rule

To illustrate the first rule, let us consider Figure 1 for two narratives that FPs posted at FP1's request. Both narratives are concerned with conventional signifiers that feature in discourses that differ in their use of words and symbols, which results in conflicting narratives. In the first narrative, the '⊂'-symbol characteristic to set theory is used for signifying subsets by some and proper subsets by others. Figure 2 illustrates the second narrative with excerpts from popular textbooks that reflect discourses on vector decomposition in physics and mathematics. The same symbols ϕ and θ are used in both discourses, but their realizations are inverted: in the physics textbooks, we can see that ϕ signifies the angle on the xy-plane and θ denotes the angle with z-axis; in the mathematics textbooks, ϕ signifies the angle with z-axis and θ is used for the angle on the xyplane. The presented narratives exemplify a wider set of conventions that FPs shared, all violating the rule stating that in different communities of discourse, the same object-symbol should stand for the same discursive object. To put it more precisely (and more mathematically), I suggest determining the sameness of discursive objects S 1 and S 2 through an existence of a relation preserving one-to-one mapping between the realization trees of S 1 and S 2 . The presented examples illustrate that the mapping might require conversion of signifiers, which is what [START_REF] Sfard | Thinking as Communicating: Human development, the growth of discourses, and mathematizing[END_REF] coins as discursive attuninginterlocutors reaching a consensus around their usage of particular words and symbols. Indeed, physicists and mathematicians do not disagree on how to decompose a vector, they disagree on how these components should be labeled. Felder and Felder (2016, p. 232) Mathematical methods in engineering and physics Larson and Edwards (2010, p. 825) Multivariable calculus In turn, the sameness of object-symbols goes beyond their written and pronounced identity as it pertains to whether the signifiers are perceived as the same by the interlocutors. For instance, one FP shared that when studying probability and statistics, he often confused between visually similar symbols 'χ', 'X' and 'x', which led to multiple misunderstandings. When the difference between the symbols was clarified, many misunderstandings faded because the narratives that conflicted when assigned to the same object were distributed between different ones.

"The goodness-of-fit" rule

The second discursive rule is concerned with a goodness-of-fit between mathematical objects and their symbols. In statistics, a goodness-of-fit is used for capturing the quality of a match between the factual data and the one that was predicted with some quantitative model. I discern a reflection of this idea among FPs, who were 'annoyed' when some key properties of a mathematical object were misrepresented in its conventional symbol. Figure 3 illustrates this rule violation with '|'a conventional symbol of divisibility. In the presented exchange, the discursive object of divisibility is separated from its conventional symbol '|' and the attention is drawn to the mismatch between the two. In [1], FP26 addressed the mismatch in terms of symmetry: a visual symmetry that the symbol has and a symmetrical relation that divisibility does not satisfy. In [7], FP10 focused on the inconsistency of equivalent realizations "m is divisible by n", "m/n=integer" and "n|m": while in the two former realizations m appears to the left of n, the order is inversed in the third realization. The participants of the exchange seem to endorse the badness of the symbol's fit since the exchange quickly refocuses on possible alternatives.

Figure 3 demonstrates two criteria of the goodness-of-fit that FPs recurrently praised in their narratives. The first criterion pertains to visual similarities between symbols of related objects. Indeed, FP14's '//'-symbol in [11] is closely linked to '/'a conventional symbol of division. The second criterion suggests that the symbol should be accepted in some literate mathematics community, which can be shown through references (see [3] and [6]). More often than not, a promotion of unfamiliar symbols was criticized (see [8][9] as an example). Figure 3 also illustrates that it is not always easy to satisfy both criteria with the same symbol.

Discussion

This study has been concerned with DoMC and the rules that this discourse abides. While the mathematics community tends to be explicit about object-level rules of discourses on well-defined mathematical objects (e.g., numbers, functions, triangles), this is not the case of DoMC. Metaphorically speaking, this discourse mostly unfolds in "corporate mathematical kitchens", whose doors are firmly closed for outsiders. An online space though seems like a spectacular arena for observing how DoMC can unfold almost in the real-time (Kontorovich, 2016a). This being said, it seems worthwhile to highlight that the scarcity of our research knowledge on mathematicians' communication about conventions should not tempt us to generalize discursive patterns emerging from a particular subcommunity to the mathematics community as a whole.

Two discursive rules were reported in this paper: same object-symbolsame object and goodnessof-fit between objects and their symbols. The first rule, stating that the same objects should be denoted with the same object-symbol in different discourse communities bears resemblance to the renowned intuitive rule "same A -same B" (e.g., [START_REF] Tirosh | Intuitive rules: A way to explain and predict students' reasoning[END_REF]. With "same A -same B", Tirosh and Stavy refer to a reasoning principle, according to which the sameness in one property of two objects is often conceived as sufficient for deriving their sameness in another property. The FPs of this study would probably classify the resemblance between the discursive and intuitive rules as 'annoying' because the overlap of the italicized terms conceals the incommensurability of their epistemological origins. Building on the work of Fischbein and Piaget, Tirosh and Stavy concentrate on perceptual objects (e.g., geometrical figures) and their properties (e.g., length, perimeter). The study at hand, however, leveraged commognition for indicating regularities between discursive objects and their leading signifiers (i.e. names and symbols). Therefore, it would be more accurate to acknowledge that the intuitive and discursive rules agree on the "transition of sameness", when the cognitive and commognitive foundations offer substantially different answers to "sameness of what?" and "transition to where?" Another similarity between the two rules is in the ways they are enacted. Tirsosh and Stavy (1999) refer to their rule as "intuitive" since it is accepted as true without a need for any further justification. In a similar manner, the FPs of this study neither offered nor sought explanations for the nature of the 'annoyance' that they or their peers experienced when the corresponding discursive rule was violated. This might suggest that the emotional disturbance was self-evident in these cases.

The goodness-of-fit rule emerged from the exchanges where FPs discussed how some key realizations of mathematical objects are poorly reflected in their symbols and what alternatives may ensure a better fit. Commognitively speaking, such a discussion requires a separation between a 'root'conventional object-word or symboland the rest of the realization tree. This discursive move cannot be taken for granted. [START_REF] Sfard | Thinking as Communicating: Human development, the growth of discourses, and mathematizing[END_REF] associates one's understanding of a mathematical object with a particular form of talk, where mathematical intangibles are discussed in a manner that is similar to the physical congeners. Such a talk could not be possible without tightened connections between a leading signifier and the rest of the realization tree. In this way, the study shows that some mathematically competent discursants are capable of separating and contrasting between the two for judging the quality of the fit. Further research may explore the relations between this capability and one's proficiency in a mathematical discourse.

Teaching-oriented remarks

The interest in conventions that was identified in this study among mathematically competent discursants, begs us to consider the affordances that DoMC could offer to the educational research and the teaching practice. Three affordances are sketched next.

First, this study shows that mathematically competent discursants can be 'annoyed' with conventions featuring in a variety of mathematical areas. The nature of some of their 'annoyances' is not very different from the one identified in [START_REF] Kontorovich | Mathematical conventions: Revisiting arbitrary and necessary[END_REF] with pre-service teachers and some other studies with school and university students. This rare similarity between substantially different cohorts allows me to propose that the endorsement of some conventions requires exceptional discursive leaps. In other words, newcomers' struggles with conventions might be interpreted in some cases as an expert-like sensitivity to a radical discursive change rather than a knowledge deficiency or a result of infelicitous teaching.

Second, all discursants in this study lamented over conventions that are often positioned as "wellestablished" and advocated for their less-celebrated alternatives (e.g., '|' as a symbol of divisibility).

In an educational context, this result delineates a barely explored teaching practice of choosing conventions for architecting classroom discourses [START_REF] Kontorovich | √9=? The answer depends on your lecturer[END_REF]. This conceptual delineation invites research on whether teachers are aware of the status of conventions in mathematics, how they choose between mathematically incommensurable alternatives, and how these choices impact discourses that students develop. I hope that the rules identified in this study will instigate teachers to make more informed and thought-through choices. Indeed, if mathematically competent discursants complain about same signifiers standing for different objects and the badness of symbols' fit, then it seems reasonable to predict that students might struggle with such conventions as well.

Lastly, the discursants in this study transitioned between objects that are characteristic of different mathematical areas; they referred to definitions, symbols, and theorems; and they reasoned and communicated with each other. These desirable practices raise the question of whether students should also be given a space to actively participate in DoMC. The debate on this issue is ongoing (see [START_REF] Hewitt | Arbitrary and necessary part 1: A way of viewing the mathematics curriculum[END_REF]Kontorovich &[START_REF] Kontorovich | Mathematical conventions: Revisiting arbitrary and necessary[END_REF] for opposite views). I believe that opening this space for students will also open a research space for articulating and challenging conventions that we, mathematics educators, hold about teaching and learning.
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