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Below we first provide an abstract of the discussion of an example, which we used as a ‘starter’. Then we summarize the discussion on the lecture of Luc Trouche and the reaction by Celia Hoyles. Finally, we add the slides of the plenary report by Paul Drijvers.

An example as starter

We first worked on an example, which came down to finding the generic co-ordinates of the turning points (extreme points) of functions y with y(x) = x2 + b*x + 1.

Several approaches showed up. If differentiation was not to be used, other approaches were found, such as intersecting the parabola at a certain height and then taking the average of the x-coordinates of the intersection points to find the x-coordinate of the turning point. These approaches were worked out in TI-Interactive.

Then we looked at the work of a tenth-grade student on this assignment. Several issues arose:

· The orchestration should take place in a careful way, for example by initially limiting the possibilities of the machine. For example, why not first just use tables? 

· Non-informative error messages may be confusing to students. Production of sensible error messages is a matter of good software design. 

· The error with the square root sign that the student made may be caused by the fact that the formula did not appear completely in the screen. That suggests that a larger screen can be important. Also, the strange representation of the second zero complicates the interpretation and the understanding of the formula. The equivalence / representation issue is important.

· Does one need more by-hand practice to build up the algebraic expertise required? Opinions seem to vary.

· Does the confusion between solve, substitute and simplify also exist in by-hand practice? It seems that is does, as students often simply don’t know what to do when the task is to solve or to simplify. The words don’t have meaning to them.

· Compare CAS calculators with mobile phones, which have complex menu structures that do not confuse the students.

Discussion on the presentation by Luc and the reaction by Celia

Before the session, some questions were brought up. With the answers from Luc and Celia as a ‘red line’, we spent most of the time discussing them, trying to understand each others’ vocabulary and associated conceptions. We came across many differences between languages, connotations, cultures and ways of thinking. Meanwhile, we ended up with an increasing mutual understanding and clearness. The following (non-chronological) summary gives an impression.

What is the value of the instrumental approach?

What does the instrumental approach allow for? What kinds of insights does it give on the learning / thinking / understanding? Many of us appreciate the fact that the instrumental approach integrates both conceptual and technical growth. It relates action in the technological environment with mental conception. This way, it offers a framework for analyzing the work of the students with the technological tool in a way that takes into account both aspects. Some think that the instrumental approach can also be used to produce (synthesize) educational material.

Can the instrumental approach be related to other theoretical notions?

Attention should be paid to the articulation of the instrumental approach with other theoretical notions on the role of technology in the learning of mathematics. Also, our expressions and terminology should be clear for others.

Research in the field seems to diverge, and to be isolated too much from research on mathematics education in general. Meanwhile, educational research on technology seems to be getting out of its somewhat isolated position in the past.

We discussed situated abstraction and its relation to operative invariants (the students’ knowledge and theoretical conceptions that guides the activities) and theorems-in-action (the – often implicit – operative invariants that are part schemes of instrumented action). Situated abstraction concerns the explicit expression of a relationship, of operative invariants,  framed within the structure of the tools and the community of practice that gave rise to it. It is an expression of what involves the action, situated in the specific situation, within the context, using tools, the articulation of the necessary operative invariants.

How is the social construction of tools incorporated in the instrumental approach? Is that one of the aspects of the collective instrumentation and the orchestration? Does the instrumental approach take into account the differences between the context of being at work (the ‘context of the work’ of Rabardel) and education / learning, in which we use it now?

About webbing and orchestration: The notion of webbing was developed as a reaction to the notion of  scaffolding. Webbing concerns the idea that a student can build his own scaffolding by interacting with the tool, like a spider constructs a web, instead of the teacher offering the scaffolding. Also a less linear view on learning: there are different ways of developing knowledge and of making connections. Webbing addresses the issue of student control of the construction process. How about the role of the teacher? Is not included in the notion of webbing. In orchestration it is. We should support the students in webbing, and orchestration might be one way. 

Instrumentation and instrumentalization

The general idea of a two-way interaction between technology and the user seems to be widely accepted. However, the words instrumentation and instrumentalization are hard to remember by some of us: what is what? Can’t we find a more obvious terminology?  Can’t we just say that there are two directions within mind-machine interaction: The tool shapes the students’ thinking, and the tool is shaped by the student?

The word instrumental, for example in instrumental understanding, may have a negative connotation: just doing without understanding.

Schemes and different levels of granularity

A scheme is a psychological construct. It can be seen as a phase of a concept. Luc distinguishes usage schemes and schemes of instrumented action. 

Usage schemes are small, routinized elementary schemes. They contain gestures (=activity in the technological environment) and knowledge.  The notion of usage scheme seems to be close to that of frames (Schank). Schemes of instrumented action are comprehensive chains of usage schemes with anticipation to a specific goal. Usage schemes thus are components of schemes of instrumented actions, are steps within the scheme of instrumented action.

What is the value of this distinction? According to Luc, it may help to analyze the students’ work and to decompose the problem solving strategy. We seem to agree that the distinction is a relative one: what can be a scheme of instrumented action at one moment, can be a usage scheme in another occasion. It mainly is a matter of the level of granularity. 

Burkhard compared the distinction with a user guide that provides extended examples (scheme of instrumented action) and the index that summarizes just the syntax of all the elementary commands (usage schemes).

Examples from work with Cabri and with CAS clarified the discussion.

Schemes and instruments

A scheme is the mental part of the instrument. The instrument consists of the scheme and the artifact (= the tool), both related to the class of situations or tasks that they are used for. Maybe we should be more specific about the tool or the artifact: Cabri is developed for educational purpose, programming languages are not, for example.

In the discussion, Luc’s methodology of the sherpa student and the mirror observations were clarified. The sherpa student can be used to share the work of students and to orchestrate the instrumentation. The mirror observation method is an example of third level instrumentation. Students are acting as if they were researchers. This is valuable if the observations focus on the content.

We ended with a suggestion from Richard on using the ‘Mathematical Snapshots’ column in the journal IJCML for describing our means of analyzing how the technology mediates the thinking. 

Slides of the plenary report
Mind & Machine:

- French & English

- Language

- Theoretical notions

- Cultural differences

The value of the instrumental approach

- It addresses both the technical and the conceptual aspects of learning in a technological environment; it relates action and conception.

- It helps us understand the students’ learning in a technological environment.

- It may be helpful while designing student materials

- How tool / domain specific is the instrumental approach?

The instrumental approach & other perspectives

- Situated abstraction: Explicit expression of a relationship, of operative invariants,  framed within the structure of the tools and the community of practice that gave rise to it.

- Usage schemes are frames (Schank)?

Instrumentation & instrumentalization

- Instrumentation has a negative connotation in English

- What means what?

- Two ways of mind-machine interaction:

The tool shapes the students’ thinking

The tool is shaped by the student

Usage schemes & schemes of instrumented action

- Usage schemes: isolated, elementary, routinized components of

- Schemes of instrumented action: more comprehensive structural chain of usage schemes with anticipation to a specific goal

- Distinction may help to decompose students’ work

- Distinction is relative, concerns the level of granularity
Artifact & instrument

- The artifact is the physical object, the tool

- The instrument consists of a mental scheme and the part of the artifact that is used. It is related to a specific class of situations or tasks.

- Instruments may be personal and tool-dependent.

Schemes, techniques & routines

- Scheme is a mental construction, is a phase in the life of a concept?

- Techniques: the observational activities?

- Routine: for non-English speakers has an operational, non-conceptual connotation

Operative invariants & theorems-in-action

- Operative invariants = (often implicit) theoretical knowledge that guides the activities

- Theorems-in-action = operative invariants that are part of the schemes of instrumented action 

Webbing & orchestration

- Webbing: a student can build his own scaffolding by interacting with the tool, like a spider constructs a web, instead of the teacher offering the scaffolding. Not so linear idea. Matter of student control of the construction process.

- Orchestration: the teacher supporting the webbing.

Problem & solution

- Problem: theory development not been convergent, no synthesis. Furthermore, educational research on the integration of technology was too much isolated from general educational research in the past. 

- Idea from Richard: Mathematical Snapshot in IJCML. Analyzing how the technology mediates the thinking.

