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Drawing on commognitive theory, we present several strategies for designing tasks promoting deritualization by building on or modifying standard exercises. These strategies include asking students to use different procedures to solve the same task; explain how the steps of a solution contribute to it and why; compare different solutions and extract general solution strategies; identify redundant solution steps; pose problems solvable using the same procedure; determine what modifications to a given problem can be made for it to still be solvable using a given procedure; and justify decisions made during the solution process. The design strategies are illustrated using examples of tasks from courses in multi-variable calculus and algebraic geometry. The strategies are then discussed in relation to existing task design principles at the university level.

As [START_REF] Watson | Themes and issues in mathematics education concerning task design: Editorial introduction[END_REF] emphasise in the introduction to the ICMI study volume devoted to task design in mathematics education, "the detail and content of tasks have a significant effect on learning [and] tasks shape the learners' experience of the subject and their understanding of the nature of mathematical activity" (p. 3). Thus, task design has been a strand of mathematics education from its very emergence as a research field in the 1960s. In the same ICMI volume, [START_REF] Kieran | Frameworks and principles for task design[END_REF] provide a conceptualization of current theoretical approaches to task design, distinguishing between grand, intermediate-level and domain-specific frames. One of the intermediate-level theories they mention as being adapted for design purposes is commognition [START_REF] Sfard | Thinking as communicating. Human development, the growth of discourse, and mathematizing[END_REF]. First developed as a theory of (mathematical) thinking and learning, later research (e.g., [START_REF] Nachlieli | Ritual-enabling opportunities-to-learn in mathematics classrooms[END_REF] has used commognitive tools to study mathematics teaching as well. Recently, papers drawing on commognitive theory to suggest practices aimed at improving mathematics teaching have begun appearing (e.g., [START_REF] Cooper | Bridging incommensurable discourses-A commognitive look at instructional design in the zone of proximal development[END_REF][START_REF] Nachlieli | Teaching practices aimed at promoting meta-level learning: The case of complex numbers[END_REF], but the potential of commognition for educational design is so far underexplored, at least at the university level. In particular, there is very little commognitive research focusing specifically on task design. In this paper, we describe a set of strategies for task design building on the commognitive notion of deritualization. We exemplify these strategies using tasks developed by the second author for courses in multivariable calculus and algebraic geometry. Before presenting the strategies, we position our work in the wider context of research on task design at the university level. Note that in this paper we do not use the term task in its commognitive sense, but simply to denote a mathematical problem or exercise intended for students to work on either in the classroom or as homework.

Task design in university mathematics

Research on task design in mathematics has mainly been concerned with tasks at the school level. For example, in the already mentioned ICMI volume task design at the university level is barely mentioned, with the exception of teacher education. However, as pointed out by [START_REF] Artigue | Mathematics education research at university level: Achievements and challenges[END_REF], the role and character of tasks in university mathematics are different from at school, suggesting that different approaches to task design might be needed. In recent years, a number of papers relevant to task design at the university level have appeared, but these often focus on particular contexts, like engineering [START_REF] Schmidt | Task design for Engineering Mathematics: process, principles and products[END_REF]. More directly relevant to the present paper are design principles aimed at promoting certain ways of engaging with mathematics. Examples include task design for enhancing creative and imitative reasoning [START_REF] Lithner | Principles for designing mathematical tasks that enhance imitative and creative reasoning[END_REF]; ATD-derived task design principles for adapting prospective secondary teachers' mathematical knowledge to presumed needs for teaching in school [START_REF] Winsløw | Task design for Klein's second discontinuity[END_REF]; and task design for promoting mathematical thinking in calculus [START_REF] Breen | Designing mathematical thinking tasks[END_REF]. However, both Lithner and Winsløw and Huo formulate their principles at a level of generality and abstraction higher than what we aim for in this paper. Lithner's principles do not really tell us how to design creative reasoning tasks or algorithmic reasoning tasks, but rather which type to choose for particular purposes. The four principles of Winsløw and Huo connect to the praxeological model from ATD, which is concerned with the institutional organisation of knowledge and when stated in its full generality operates at a high level of abstraction. Breen and O'Shea, on the other hand, describe a number of task types, drawn from the literature, which they claim promote mathematical thinking in a calculus context. These include evaluating mathematical statements; generating examples; analysing reasoning; visualizing; using definitions; and conjecturing and generalizing. Several of these, while still very general, resonate well with the kind of task design strategies we suggest in this paper.

In one of the few commognitive studies specifically addressing task design, [START_REF] Cooper | Bridging incommensurable discourses-A commognitive look at instructional design in the zone of proximal development[END_REF] draw on the notion of exploration-requiring opportunities to learn [START_REF] Nachlieli | Ritual-enabling opportunities-to-learn in mathematics classrooms[END_REF] to describe a set of conditions for tasks to be exploration-requiring. There are also some papers using commognitive tools to analyse tasks. For instance, [START_REF] Morgan | Investigating changes in high-stakes mathematics examinations: a discursive approach[END_REF] develop a framework for analysing changes over time in high-stakes mathematics examinations at the secondary level in the UK, focusing on characteristics of mathematical discourse; [START_REF] Thoma | A commognitive analysis of closed-book examination tasks and lecturers' perspectives[END_REF] analyse university closed-book examination tasks focusing on assessment routines; and [START_REF] Tetaj | Analysing the mathematical discourse of Biology assignments: The case of a graduate Fisheries Management course[END_REF] investigate the interplay of mathematical and biological discourse in graduate-level biology assignments involving mathematical modelling. However, we are not aware of any work drawing on the notion of de-ritualization, described in the following section, either for task design or analysis at the university level (but see [START_REF] Knox | Leveraging interdiscursivity to support elementary students in bridging the empirical-deductive gap: the case of parity[END_REF] for an example at primary school level).

Task design strategies supporting de-ritualization

Commognition views mathematics as a discursive practice characterised by the words and visual mediators used, the endorsed narratives about the objects of the discourse formulated, and the routines, that is, "repetitive patterns characteristic of the given discourse" (Sfard, 2008, p. 134), engaged in when participating in the discourse. Routines are classified according to their purpose. Outcome-oriented routines, where the aim is to produce new mathematical narratives, are called explorations, whereas process-oriented routines, where "the task and the procedure are one" (Lavie et al., 2019, p. 166), are called rituals. In practice, routines are rarely pure ritual or pure exploration. Rather, they exist on a continuum, with ritual and exploration as extreme cases. Furthermore, ritualised routine use is often a necessary aspect of learning. When an established discourse is expanded, for instance through the introduction of new mathematical objects with associated narratives and routines, the learner is expected to participate in this expanded discourse. At the same time, she cannot initially be expected to discern the purpose of these new routines by herself and hence has no choice but to engage in them ritually. Thus, an important aspect of mathematics learning is to transform ritual to exploration. This process is called de-ritualization, and is characterized by some part of the learner's attention shifting from the process of performing the task to its outcome. Lavie et al. give a partial list of characteristics of routine where changes might indicate such a shift (ibid., p. 167-172), which we will draw upon when formulating our design strategies. For each characteristic, we describe what it entails in terms of routine use, and then formulate implications for task design. We do not claim that the design strategies as such are novel. Rather, we highlight how certain strategies for modifying standard exercises grow out of the characteristics of de-ritualization. Standard exercises typically enable, and even invite, ritualized engagement, and each characteristic suggests ways in which a given exercise can be developed to require more explorative engagement.

Flexibility

Increased flexibility in the use of a particular routine implies being able to perform a certain task in more ways. When engaging with a routine in a ritual fashion, the learner needs to rigidly follow the steps of the procedure mimicked, and is not able to deviate from these in any way. As she progresses towards exploratory engagement she gains greater freedom in this respect.

Tasks supporting flexibility can consist of asking students for alternative ways of performing a given routine, or to describe the procedure they have just performed using different realizations (Sfard, 2008, p. 154), for instance graphical rather than algebraic, or vice versa.

Bondedness

A routine is said to be bonded "if the output of any given step in its procedure, if not yet the desired final product, feeds in (is used as an input) in latter steps" (Lavie et al., 2019, p. 168). In other words, there is no redundancy in the procedures performed and all steps serve a purpose in achieving the final result. A learner engaging in ritual is unable to judge whether any particular step is necessary in a specific instance, and thus goes through them all every time, with little regard for their connection to one another or their relevance for the outcome. With more explorative engagement comes a greater ability to see how steps feed into each other and to judge which steps are crucial in a specific setting.

Bondedness can, for instance, be supported by asking students to explain how the different steps of a procedure just performed contribute to it and in what way. Which steps are general and which are particular to the specific problem? One might also ask students to compare a set of solutions to similar tasks and abstract a general procedure from them. Other tasks which require the formulation of general solution strategies or the identification of redundancy can also support bondedness.

Applicability

Applicability refers to the range of tasks for which a particular routine is recognized as useful. For the learner engaging in ritual, only small perturbations in the formulation of the task allow her to recognize it as an instance of the same routine, but as her engagement becomes more explorative, she becomes increasingly able to determine what features of a task make the given routine applicable.

One way to support applicability is by giving seemingly unrelated follow-up problems to a given exercise which can still be solved using the procedure just applied. One can also ask students to describe situations where the procedure just utilised might be applied, or to engage in problem posing, that is, constructing exercises solvable using the same procedure. One might also ask students what modifications can be made to an exercise before it is no longer solvable using the given routine.

Agentivity

With increased agentivity, decisions on how to proceed, what steps to take when, when to continue and when to stop are increasingly the responsibility of the learner. "In ritual, where the exact performance of a procedure constitutes the task, the performer is not free to decide what should be done and when" (Lavie et al., 2019, p. 170). Thus, responsibility for the performance of the routine rests on external authority, typically the teacher or the textbook. Moving towards more explorative engagement, more of the decisions made when working on the task are made solely by the learner.

To a large extent, agentivity goes hand in hand with other characteristics of de-ritualization: for instance, increased flexibility or applicability also require greater agentivity, in that more ways to perform a routine requires choice. A gradual decrease in scaffolding also transfers responsibility to the student. Proving tasks are especially useful for supporting agentivity, since they often allow for and require a greater amount of choice compared to more algorithmic tasks. For instance, students need to determine where to begin the proof and also when it is finished. Asking students to justify the decisions made when solving a particular exercise also supports agentivity.

Objectification

This characteristic refers to being able to formulate narratives describing the routine as being about objects rather than processes. For the learner engaging in ritual, the process is the focus of the routine, and her talk will revolve around the symbols being manipulated rather than being concerned with the objects that these symbols are realizations of. Thus, being increasingly able to view the routine as being performed on mathematical objects rather than just their symbolic realizations is a sign of movement towards explorative engagement.

Given a standard exercise, objectification can be supported by additional questions explicitly requiring students to engage in objectification processes, for instance by having the students formulate narratives about the object using different realizations or by considering how different procedures associated with the object are related.

Substantiability

The ability to substantiate one's actions, that is, to produce sound arguments supporting the actions performed when engaging with the routine, is a sign of de-ritualization. The ritual performer, focusing solely on process, lacks criteria for evaluating her own performance, and will need to rely on the judgment of some external authority. When asked to explain what she did she will often merely recapitulate the steps she went through. The learner engaging in exploration, on the other hand, will provide support for her actions by referring to properties of the mathematical discourse.

One way of supporting substantiability is to ask students to examine the procedure used to solve a given exercise and provide mathematical arguments in support of the steps taken. Generally, asking students to prove mathematical statements obviously supports substantiability.

Tasks exemplifying the strategies

The tasks we use to exemplify our strategies are taken from two undergraduate courses in mathematics at Uppsala University: Multivariable Calculus (Example 1) and Affine and Projective Geometry (Examples 2 and 3). The first of these is aimed at first-or second-year engineering students and requires basic linear algebra and single variable calculus. The second one is an introductory course in algebraic geometry for second-year bachelor students and requires multivariable calculus, linear algebra and some introductory abstract algebra (mainly rings and ideals). The examples in this paper are taken from exercises which are used for small group discussions, organised slightly differently in the two courses. The calculus students get their discussion problems in class and are not required to prepare anything beforehand. In the geometry course the students get homework consisting of standard type problems as preparation and in class they get follow-up problems of more conceptual nature, based on these. This means that in Example 1 the students were confronted with the modified task directly, while in Examples 2 and 3 they had first worked through the standard exercise out of class before being given the follow-up tasks. Within the scope of this paper there is no room for presenting tasks exemplifying all the de-ritualization characteristics, and we have chosen to focus mainly on flexibility, objectification and substantiability.

Example 1: Directional derivatives

Here the standard exercise was computing the directional derivative of the function 𝑓(𝑥, 𝑦) = 𝑒 𝑦+2𝑥 at the point 𝒂 = (2,1) in the direction 𝒖 = (3,4). However, the students were explicitly asked to do this using two different procedures: first by calculating the gradient ∇𝑓(𝒂), forming û = 𝑢 |𝒖| , and calculating ∇𝑓(𝒂) ⋅ û; second by setting 𝒓(𝑡) = 𝒂 + 𝑡û, then setting 𝑔(𝑡) = 𝑓(𝒓(𝑡)) and calculating 𝑔′(0). Then they were asked to explain why these two procedures always give the same answer. In effect, the students thus prove the theorem that, in a standard exercise, they would just apply.

Here, students were asked to approach the routine of computing directional derivatives in two ways. This explicit focus on alternative ways of performing the same routine addresses flexibility. Having to explain why both procedures work requires substantiation but also shifts the focus from the procedures themselves towards producing narratives about the directional derivative as an object, thus supporting objectification.

Example 2: Intersection numbers

The standard exercise serving as the starting point here concerned calculating the intersection number of the polynomials 𝑦 -𝑥 2 -2𝑥 and 𝑦 2 -3𝑥 2 𝑦 -𝑥 2 at the origin, and had two follow-up problems:

1) If you used a theorem to solve the task, explain carefully why the theorem works in this case.

If you used "brute force" calculations, would applying a suitable theorem have simplified your calculations? 2) Use methods from (multi-variable) calculus to sketch the curves near the origin and explain the intersections geometrically.

Finding intersection numbers is a standard routine in algebraic geometry. Students typically approach this type of exercise in one of two ways. Either with a "brute force" approach, repeatedly using the first of the polynomials to simplify the other, then using the axioms for the intersection number to get the result. Alternatively, the student applies a theorem, already proved in class, which describes how to obtain the intersection number immediately if one of the curves happens to be the graph of a single variable polynomial. The proof of this theorem is basically a bonded version of the brute force approach, using a division algorithm in the variable y. The first follow-up question helps in the substantiation of either of these procedures by asking the student to produce a narrative relating them to each other. The second question relates the problem to other methods for studying curves that the students are already familiar with. This supports flexibility. Furthermore, it connects different realizations of the object, thus supporting objectification.

Example 3: Projective transformations

The original exercise asks the students to find a 2 × 2-matrix for the projective transformation of ℂ𝑃 1 taking the point with homogeneous coordinates (1,0) to the point (1,1), the point (0,1) to the point (1, -1), and the point (1,1) to the point (2,1). As a follow-up question, the students were asked to consider what happens if the last condition, (1,1) → (2,1), is replaced by the more general condition (𝑎, 𝑏) → (𝑐, 𝑑). Is the exercise solvable for all choices of (𝑎, 𝑏) and (𝑐, 𝑑)?

Finding matrices for projective transformations is a standard routine. In the follow-up task, students are asked to investigate ways in which the original exercise can be modified and still be solvable, thus supporting applicability. The problem is also intended to remind the student of the theorem that a projective transformation of the projective line is uniquely determined by the images of three points. This enables a shift of focus from the procedure of the original task to formulating a narrative about the properties of the object 'projective transformation', thus supporting objectification.

Discussion

We have described a set of strategies for designing tasks supporting de-ritualization, with examples of how they can be applied. When formulating these strategies, we wanted them to be of practical value for university mathematics teachers. Knowing that designing innovative tasks from scratch is time-consuming and often not feasible under regular teaching conditions, we therefore opted for formulating the strategies in a way that makes them useable for adapting standard exercises. This is an approach that we have not seen used very much in the literature on task design. An exception is the work of [START_REF] Prestage | Developing teacher knowledge using a tool for creating tasks for the classroom[END_REF], where they develop a task design tool for teacher education, where existing tasks are modified by changing, adding or removing a given. The resulting new task is then analysed to determine its suitability and usefulness. The kind of adaptations of standard exercises we suggest typically require a deeper knowledge of the mathematics behind the tasks, but since the teachers in our case are university mathematicians, this is a reasonable requirement.

Moreover, as Kieran et al. (2016) point out, many task design principles "tend to be phrased in rather general terms that are subject to broad interpretation and thus cannot be said to inform prospective design in highly specific ways" (p. 73). For instance, this holds for both [START_REF] Lithner | Principles for designing mathematical tasks that enhance imitative and creative reasoning[END_REF] and [START_REF] Winsløw | Task design for Klein's second discontinuity[END_REF] principles. In contrast to this, we strived to keep the strategies as concrete as possible, while still presenting them in such a way as to be generally applicable, in the sense of not concerning specific mathematical content, requiring particular ways of organising teaching sessions, or access to specific tools. The fact that the examples illustrating the strategies are taken from two quite different courses supports this.

The more concrete principles given by [START_REF] Breen | Designing mathematical thinking tasks[END_REF] have much in common with the strategies we present. For instance, the principle of "conjecturing and generalizing", involving ways of formulating general statements on the basis of particular problems or solutions, connects to our applicability and objectification strategies, and "analysing reasoning" to substantiability. Still, there are differences in the aims and precision of the principles. Breen and O'Shea intended their task types to support the development of mathematical thinking, a broad and not particularly precise aim, and the task types they describe are quite broad. Moreover, they are gathered from the literature and do not share a clear theoretical basis. Our strategies, on the other hand, are theoretically grounded and more precise in their aim, enabling us to make them more concrete and detailed. However, one need not subscribe to the commognitive view of mathematical learning to use them, as long as one sees value in the ways of student engagement they are intended to promote.

As for the theoretical of the strategies, we have focused only on a small part of the commognitive conceptualization of learning. A natural continuation of the work presented in this paper would be to formulate more aspects of learning, as understood in commognitive terms, in terms of design strategies. One option might be to focus on learning at the object-and metalevels, that is, on learning concerning the rules governing the objects of the discourse and the behaviour of the participants in the discourse, respectively (Sfard, 2008, p. 300). Some of the strategies we have suggested might be adapted to address this. Another notion central to the commognitive view of learning is commognitive conflict (ibid., p. 161), which occurs when discursants operate according to different meta-discursive rules, and which is considered crucial to discursive development. Trying to come up with task design strategies for promoting and resolving such conflicts might be a useful next step.