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Abstract

Even when someone is convinced that technology should by all means be used in the teaching of mathematics, he usually asks himself several questions. How to find proper answers to them, especially when you are in the position of trying to convince someone about the benefits of such an approach? Unfortunately this paper does not bring answers, it merely also the questions and gives some of my thoughts about then.

Introduction

In this paper some thoughts and questions concerning the usage of technology in the teaching mathematics are presented. They are not based on intensive research or on intensive study of all available literature. Those questions simply arose when I was doing some projects in the connection with the usage of technology in the teaching of mathematics, and sometimes I could not find proper arguments for or against some solutions presented at conferences or in research papers. Also when writing and talking about the usage of CAS in the teaching of mathematics, which I strongly advocate, I often found I was not convincing enough.

Unfortunately the paper will not give the answers to these questions or contribute to their  clarification. It will just try to provoke a discussion about those issues. The questions and thoughts are in quite a random order, far from being sorted according to their importance. I often paint an extremely black and white picture and try to be on the opposite side (I strongly believe that CAS and technology should be incorporated in all aspects of teaching mathematics) all in order to find proper arguments supporting CAS usage.

Many of the questions should be explained in more detail. But as this paper is intended mostly as a basis for a discussion, it should suffice.

QUESTIONS AND OBSERVATIONS

Losing of capabilities: Introduction of technology often leads to people losing certain capabilities - how could this be avoided when introducing computer algebra systems? Especially how to recognize those capabilities that are valuable and how to prepare activities that will help to prevent loosing them because of the introduction of a new tool? If we use Kutzler’s transportation methapor [Kutzler 2000]:  we need to prepare jogging activities if we start to move around mostly with the aid of new technology.  But the main question in this is: How to decide which capabilities are really obtained through the traditional way of teaching mathematics? As a teacher of mathematics at the faculty for mechanical engineering observed: "Sure, nowadays it would be ridiculous to use a slide ruler for computation. But it still remains the fact that before students had a much better sense about the magnitude of the numbers." And if we identify the sense of magnitude of the numbers to be an important one, it is necessary to prepare activities that will serve as a substitute for gaining those capabilities previously obtained directly just by using different way of teaching, using or learning mathematics.

Forbidding certain aspects of tools: Mostly all computer algebra systems have much too powerful capabilities, especially at a certain moment of teaching. It is easy to forbid using Solve for example - but does this not introduce a negative attitude from the students towards the subject being taught at that moment? Why do I have to learn this tedious algorithm about solving the quadratic equation when my calculator solves it immediately? If I am going to be allowed to use it next month why am I not allowed to use it now? Or a similar situation: CAS allows the introduction of powerful mathematical concepts like derivation without students having to know the basic procedures about it – solving optimization problems [Drijvers 1999]. But will students be willing to learn how to compute derivatives by paper and pencil afterwards? If we do not confront the teacher whose responsibility would be to make this black box a white one with an extremely tough task.

Different tools – different strategies: There are a lot of different programs, different tools, different CAS, different graphic calculators, each with its own advantages and shortcomings. As it has been pointed out in [Tynan, Stacey, Asp, Dowsey] small changes in the properties of the technology used lead to quite different strategies. How to find the common point? What is the impact of this fact on curricula, teaching materials, assessment (especially external one)?

Success in projects – motivated teachers: There are a lot of research papers describing success in incorporating technology in the teaching of mathematics. They argue that students are more motivated, they learn more with a more lasting effect, … But one aspect is often missing or is not explored enough. Almost all projects are conducted with teachers that are at least willing to participate and usually do a lot of work towards the success of the research. But when a certain technology and a new way of teaching become mandatory, we are faced with a much larger number of teachers and many of them are not enthusiastic about new ways of teaching. Will the learning process be as successful? 

Too motivated participants: Another factor missing in research is again the fact that the participants of those projects are all eager to try something new. A lot of time is spent on thinking how to produce the best teaching material, what approach to use, how to make learning interesting, … If all of this time was devoted to any new approach – would it not be successful? Let us assume that sometime in the future CAS and similar technology is used throughout the math curriculum. Then several projects about using paper and pencil "technology" are started with similar effort and enthusiasm as CAS projects today are conducted. Wouldn't those projects be successful as well?

Use of mathematics: Do we really want to teach how mathematics is used: how to reach all different aspects of it (mathematics in a chemistry lab, mathematics in shops, mathematics at the sports training) – are we not better off with developing the logical reasoning, pattern recognition, ... Are "artificial" examples perhaps not better?

Effect of a new tool: How to measure success in introducing technology into the learning process and to eliminate the effect of "more interested because something new is happening". In research the fact that students are often more successful at the beginning because they are doing something in a new and thus interesting way is often neglected.

Resistance of teachers: I have already mentioned my fear aboutwhat will happen when the teachers using the technology will not only be those who are willing to. For example, in [Guin, Truche 1999] it is reported that, in spite of the fact that all students in French secondary scientific classrooms have graphical calculators, only 15% of the teachers include them in their teaching. It is also remarked in [Sierpinska 1999] that the resistance of teachers to the implementation of a technology-based curriculum is probably more widespread than we can possibly imagine. In analysis of a questionnaire about the usage of CAS in Slovenian secondary schools [Lokar 1998a, Lokar 1998b], the majority of answers to the question what teachers think about the usage of CAS in the classroom, was that they do not know enough. About 17% are categorically against CAS's in the classrooms. And if we speculate and add to them just one half of the 40% who did not return the questionnaire, we get a number that shows that more than one third of teachers are strongly against CAS in the classroom. The question Should methods requiring CAS be introduced in curriculum and teaching books prodused ronghly the same result. There were also two questions about the use of CAS at the exams. The majority of teachers think CAS should not be used neither at internal nor at the final (Matura) examination (which is an external one). Only about 10% of the answers were in favor of using CAS in the assessment.

Proper use of technology: Do we know what we are really dealing with when we are using CAS, Internet, audio-visual equipment,...? Aren't we still in the phase where we are confronted with technology, have a feeling about its power, but do not know exactly what to do with it (invention of steam machine – boat/steam machine with oars, electro-machine in the center of factory, …

Cost benefits analysis: Is introduction of new technologies worth the effort? New textbooks, teacher training, investing in technology, … What about price/performance ratio?

Scaffolding: Kutzler [Kutzler 1995, Kutzler 2000] gives two very meaningful metaphors in which he compares teaching mathematics to building a house and using a CAS as a therapy for repairing the student's mathematical disability as a physician helps a physically challenged person with a wheel-chair. But as many physicians can tell it is often very hard to persuade a person to try walking without the wheel chair. Of course, we can allow a group of students to use CAS as scaffolding to compensate for their weakness in algebraic simplification when they are learning the technique of Gaussian elimination. But if these weak students have to master their skill of algebraic simplifications later, the teachers could have a hard time of convincing the student that CAS is not allowed any more.

What is mathematical knowledge: Many of us are convinced that with technology we can raise the level of mathematical knowledge among students. But what is mathematical knowledge all about? I have a feeling that we mostly talk about knowing calculus, knowing concepts such as factoring polynomials is, etc. And we talk how, for example, introduction of CAS can give students better understanding of the concept of derivative and similar. But what about algorithmic thinking, pattern recognition, patience, exactness and many other aspects? Do we really know what we are learning when we are learning mathematics? Aren't the processes in the human brain so complex that will lose something if we do not learn how to compute the square root with pencil and paper? I chose this algorithm intentionally, as this algorithm is so often cited as an example of an obsolete algorithm (there are still mathematicians who are shocked by the taught that someone does not know how to compute the square root without a computer) (for example: … I was in shock – teachers who couldn't compute the square root – that is scandalous … in [Eisenberg, 1999]

CAS gives an answer different than the expected one: Too many times CAS gives a result that is different form the one expected (trigonometric functions, complex solutions, wrong domain, etc.) CAS would be more useful if it indicated the way it got the answer or, even more important by why it did not get the answer and suggest possible remedies to circumvent the situation [Stacey 1999].

Notation: Using technology sometimes present quite drastic shifts in the importance of "sacred cows" in mathematics. I am not referring to the ongoing debate about the purpose of teaching paper and pencil algorithms, factorization, … but merely to the tradition of mathematical notation. With a lot of technological tools we are forced to "forget" the notation issues such as: n denoting a whole number, log being the decimal logarithm, programs force us to always use x as the independent variable in functions, * as the multiplication sign, … 

Notation 2: Mathematics has a complex set of notations that are in common use. In the notations used at each stage of schooling are carefully chosen. CAS often introduces new symbols or exposes students to symbols they would not normally be exposed to at a certain stage. Also as reported in [Tynan, Asp, 1998] some students are annoyed with CAS auto-simplify feature. But on the other hand students often adapt more quickly to notation than we think [Tynan et all, 1995] they can.

Generic versus specialized tools: What tools to use in teaching: general-purpose tools (Derive, Maple, …) or specialized tools like MathPert, TreeFrog, …)? How to identify the benefits of one or another? Each choice has its advantages and its shortcomings. Perhaps the crucial one is the question whether it is pedagogically sound (considering all the strength that CAS posses), to "leave the student on the open ground" or do we need "mathematical nannies"? Should for example Solve(x2 + x + 1 = 0), return "No answer" or complex roots? Some argue the open approach (see for example [Stacey 1996], sometimes we meet a mixture of both approaches (SOLVE/CSOLVE feature on TI-92), other systems (especially closed systems like Mathpert) allow the use of the listed actions only, changing with time. 

Accessibility: What about accessibility of different technological tools? Learning pencil and paper algorithms is still the most accessible way of learning something in mathematics.  

What we want too assess: Do we always know what we want to assess? One of the most common solutions when introducing (allowing) technology in to assessment is to divide the test in two parts. In the first one technology is allowed or even necessary; in the second part (usually referred to as the basic skills test) paper and pencil only can be used. Why is it so? I think there are two reasons behind that division. One is to pacify those who are apposed to the use of technology and another is the fact that this is the easiest way of assessing. What is knowledge of mathematics? It means being able to use mathematics to solve the task (no need to prohibit any tools) and to show abilities of logical thinking, reasoning, exactness, … (hard to measure and mark). If we exaggerate, it can be said that all ideas about testing the basic skills without computers are grown from the fact that we do not know how to measure knowledge efficiently, especially because timed examinations are in prevail.

Exploration versus lecturing: It is often argued that one of the main reasons for introducing technology is the fact, that these tools allow us to put a lot of emphasis on learning through discovering (exploration of mathematics). But is not the whole tradition of teaching based on the premise that knowledge should be transferred to the learner, as this is more time efficient than self-learning? And perhaps lecturing is the most efficient way of transferring knowledge. I have to warn the reader again that I am making things extremely black and white deliberately! Of course the teacher guides the student through his exploration, but what level of guidance is appropriate, in connection to the student's knowledge. What about but also time, tools, costs?

Requiring or allowing tools: What is the proper way of assessing mathematics in the forthcoming era of computer algebra systems: is it requiring or is it merely allowing CAS tools? These two possibilities have quite different consequences.

Education of teachers: How to educate future teachers of mathematic? How to find the proper ratio between the time devoted to "pure" mathematics and technology in itself? Namely, when a teacher uses certain technology in the classroom he must be more than just familiar with its use. He has to be at least, as it is often said, a power user for each of the tools he uses. As my personal experience shows, the hardest part will often not be  changing secondary or primary school curricula or even allowing the use of  technology in external examinations, but proper incorporation of technology in the faculties educating future math teachers. Of course there are going to be a lot of problems with in-service training, mostly because as Waits stated in [Waits 2000] "we can not expect the teachers to make fundamental change in their teaching without adequate, ongoing support. Teachers consistently request intensive start-up assistance and regular follow-up activities." This brings the problem of large needs for various courses and workshops, but as several examples show  ([Lokar 1998a], [Lokar 1998b] T3 project) it can be done.

Limitations of tools – feature of the pedagogical use: Limitations of technology are often becoming a feature of their pedagogical use. For example, it is commented in [Stacy 1999] that in their book Graphic algebra: Explorations with a graphing calculator he and his colleagues have frequently exploited the fact that the default viewing window did not show the significant features of a graph. But can we base our teaching materials and ways of teaching on limitations of technology that will most probably not be present in the next generation of tools?

Technology and analytical thinking: I have often cited papers from [CAME 1999]; let me borrow from there once more. Anna Sierpinska wrote [Sierpinska 1999]: "Overall, the problem with technology as a teaching aid could be the same as with any teaching aid: they are properly used only by those students who can do without them. Technology is assumed to help students develop analytic thinking but they need to think analytically in order to use it properly." 
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