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A brief history
Hand-held calculators were first introduced to the world by Hewlett Packard and Texas Instruments in 1972.    The have evolved from simple 4-function and “scientific” calculators (calculating transcendental function values) to “graphing calculators” (with powerful built-in computer graphing software) first introduced by Casio in 1986.    In 1996 Texas Instruments introduce the TI-92, amazing calculator that has a  powerful  but easy to use built-in computer algebra system (CAS) and Cabri computer interactive geometry [Waits and Demana, 1996].  Recently Texas Instruments introduced an even more powerful computer algebra calculator, the TI-89, with Flash ROM.   Flash ROM calculators have many positive implications for the future.   Flash technology will enable many kinds of  useful computer programs to run on calculators and well as providing easy software upgrades electronically.    We will say more about this at the end of this article.  

What have we learned about using calculators in mathematics teaching?

Arguably the most important thing we learned has to do with desktop computers and why they are not very effective tools for the teaching and learning of mathematics.   We tried using computers in the 1980’s in our early projects where we used computer graphing to enhance the understanding of pre-calculus and calculus.    We found we did get teachers interested and excited.   However, the simple fact is that most students in most schools had (and still have today) very limited (if any) access to mathematics computer software.    We found our ideas were not being used.   Our work had no effect.    When graphing calculators were introduced we saw an obvious opportunity in the fact that they were very inexpensive, hand-held (fit in a shirt pocket), and very computer like.   We immediately began to train teachers in our projects with graphing calculators.   The rest is history as they say.    Graphing calculators soon became very popular in many countries including the US. 

The reasons were obvious.    Every classroom could become a computer lab and every student could own his or her own personal computer with build-in mathematics software [Demana and Waits, 1992].  Again, we note the same dynamics are still true today. For example, the TI-89 graphing calculator has a CAS system almost as powerful as expensive PC computer based software like Mathematica or Maple.

After 25 years of using hand-held calculators , we have learned some fundamental principles about the teaching and learning of mathematics.    First, calculators cause changes in the mathematics curriculum and teaching methods.    These changes are often very dramatic.  We know, we taught mathematics for about 15 years before calculators.    For example, some paper and pencil techniques have simply become obsolete as illustrated by the following examples.

1.  Compare computing  

by paper and pencil long division with computing using a simple four function calculator.

2.  Compare computing 1250(1.04125)12 using pre-calculator paper and pencil logarithmic interpolation with computing using a ten dollar scientific calculator.    Some paper and pencil techniques have become obsolete.    

1� Compare accurately graphing 

  using traditional paper and pencil calculus methods (find the derivative dy/dx, solve the equation dy/dx = 0 by paper and pencil methods only) with graphing the function using a graphing calculator. Now students use traditional calculus methods to confirm analytically that the graph they see is accurate.
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Figure 1.   An accurate graph of y=f(x).  

4.   Compare computing the value of the definite integral    

 using paper and methods with computing the value using a state-of-art computer symbolic algebra calculator like the TI-89.



Figure 2.    Using CSA on the TI-89 to compute the exact solution.

1� Compare finding the real and complex solutions to the simple cubic polynomial equation   3x3 + 2x2 –7x +9 = 0  by paper and pencil (go ahead and try!) with using a graphing calculator graphical or numerical method.   

We have learned that in the past before calculators, we only asked students to solve contrived, often phony, problems.     Calculators allow solutions to problems that have no exact solution or problems that can not be solved by paper and pencil methods alone as illustrated in the next example \.

6.  Compare computing the definite integral 

with paper-and-pencil to computation the solution  using a calculator with integration functionality.   Can you find the indefinite integral [Demana and Waits, 1994]?

Clearly we can solve many more problems using calculators!   They facilitate problem solving.

We have learned that the visionary statement made by the eminent mathematician,

Henry Pollack in the mid 1980’s are very true.   He said because of technology; 

· Some mathematics becomes less important (like many paper and pencil arithmetic and symbolic manipulative techniques.

· Some mathematics become more important (like discrete mathematics, data analysis, parametric representations, non-linear mathematics)

· Some new mathematics become possible (like fractal geometry)

Why use calculators in the teaching and learning of mathematics?

We have found the following to be true.

·  Calculators reduce the drudgery of applying arithmetic and algebraic  procedures when they are not the focus of the lesson.    They provide better ways to compute and manipulate symbols.   For example, if the problem is to find the area of a region bounded by the graphs of two function then the real issue for the student is to understand that a definite integral is needed, determine the limits of integration, and the specific definite integral.   And then to the student needs to determine if the answer obtained makes sense in the problem situation.   All of these tasks require thinking and understanding.   The easy part is the actual computation of the integral, often best done (or only possible) with calculator or computer technology.

· Calculators make some inaccessible mathematics topics possible.   For example, the parametric graphing utility on most graphing calculators make mathematical modeling and simulation possible to illustrate and solve problems that are impossible with paper and pencil alone.

· Advanced calculators like the TI-92 with Cabri computer dynamic geometry allow for geometric investigations that lead to a much better understanding of geometry [Laborde, 1999;   Vonder Embse and Engebretsen, 1996].

·   Calculators help students see that mathematics has value.   Students using calculators find mathematics more interesting and exciting.    Texas Instruments first introduced a hand-held calculator based science lab device (CBL) in 1994 that connects to the link port of TI graphing calculators.    The excitement and interest in both mathematics and science that this amazing tool has created is unbelievable [Bruneningsen, Chris, and Wesley Krawiec (1998)}

·  Calculators provide new pedagogical methods of teaching and facilitating the learning of mathematics.   For example, they make possible a “linked multiple representation” approach to instruction    A graphing calculator makes graphical and numerical representations practical learning strategies    The philosophy we subscribe to can be summarized in the following way.

· Do with paper-and-pencil, then SUPPORT with technology.

· Do with technology, then CONFIRM with paper-and-pencil (when possible).

· Do with technology and paper-and-pencil, because using paper-and-pencil alone can be IMPRACTICAL or IMPOSSIBLE.

Another powerful reason for using technology is that it provides broad new teaching strategies.   For example,  in the past before calculators we studied calculus (applications of the derivative) to learn how to obtain accurate graphs, today we use accurate graphs (using a graphing calculator) to help us study concepts of calculus  providing better understanding of calculus concepts and theorems.  

Why the controversy with using calculators in mathematics teaching and learning?

There is controversy associated with using technology in the teaching and learning of mathematics.    It is human nature to not want to change.    We teach the way we learned is a well known fact.   One of the great problems we face is communicating the real nature and value of mathematics.    Most non-mathematics majors (almost everyone!) view mathematics as a bag of tricks and rules to memorize to “compute or solve” something.    They also think of mathematics as tedious boring work, particularly when they only remember the endless drill exercise – the “do it until it hurts kind.”   We must communicate the true nature of mathematics and build a case that appropriate use of  technology will enhance the teaching and learning of mathematics.    If the true nature of mathematics is understood then using technology tools become natural enhancements and extensions.

Paper and pencil arithmetic and symbolic algebraic manipulative procedures were critical and very important in the past because they were the only procedures available to “compute and solve.”   Today teachers must examine why paper and pencil arithmetic and algebraic manipulative procedures exist.    It will become clear that many techniques we teach exist only because they were the only method possible in the past.    We must explain the confusion between applying mathematics 

algorithms and doing real mathematics [Ralston, 1999].

What pitfalls should we look out for when using graphing calculators?
Teachers must be careful because students can draw incorrect conclusions from graphs drawn with technology. Some of this is inevitable because of normal graphing calculator failure (site out pitfalls paper). We found the following statement to be helpful for students and teachers.

Graphing with a graphing calculator requires students to develop the following graph viewing skills. 

1. Recognize that a graph is reasonable.

2. See all the important characteristics of the graph.

3. Interpret those characteristics.

4. Recognize graphing calculator failure.

Being able to recognize that a graph is reasonable comes with experience. Graphing calculator failure occurs when the graph produced by the graphing calculator is less than precise—or even incorrect—usually due to the limitations of the screen resolution of the graphing calculator [Demana and Waits, 1988].

More lessons learned

We have learned some valuable lessons from our past experience.    We have learned that “A call for balance” is necessary.   We need to communicate that “we” all believe in a balanced approach to the teaching and learning of mathematics.    We need to communicate that traditional “mental” arithmetic and algebraic skills are very important.   Indeed, we believe they will even be more important in the future as we move to a more computer intensive learning environment.    Also we need to emphasize that some paper and pencil manipulative skills are important.   And that time will be provided in the curriculum for appropriate “practice” of these needed skills.    However, we must not back off on the full, regular, and integrated use of available technology including graphing calculators with computer algebra, computer dynamic geometry, and computer software micro-worlds in all high school mathematics classes.   “Balance” means appropriate use of mental, paper and pencil and technology on a regular basis.

We have learned that technology adoption and use requires additional teacher training, sometimes intensive teacher training.   The Teachers Teaching with Technology (T3) program that we founded in 1985-6 is an example of such a training program for teachers.      New textbooks are needed that integrate technology.   New tests are needed that acknowledge technology.   New pedagogical approaches need to be developed, tested and disseminated.    For example, the Austrian’s have developed little know powerful strategies for using computer algebra in algebra and caluclus (known as the back box – white box  and the scaffolding principles) [Heugl, 1996].

We have learned that teachers must know how the technology works.   Many examples of inappropriate calculator use stem from lack of understand of how a calculator draws a graph (it samples only a discrete number of  function values, like 96, and “connects” the associated points).   There are obvious errors when a discrete device like a graphing calculator is used to “model” continuous functions.   Again, this is another need for technology teacher in-service

Inevitable change and teachers fears

We have learned that many teachers fear  technology.   Their fears need to be understood and addressed.    They are natural fears.   New CSA tools like the TI-89 do “perform” most of traditional algebra and calculus symbolic manipulations.  Unfortunately most classroom teachers today spend the majority of their time on soon to be obsolete paper and pencil techniques.    CSA tools do the manipulations faster and more accurately than any teacher or student.    Student use of these new tools means that many things will need to change.    Curriculum will change.    Tests will change.    Expectations will change.    It will be obvious to students (and anyone who “applies” mathematics) that new CSA calculators will remove the unnecessary tediousness of simplifying algebraic expressions, solving equations, and finding derivatives and integrals.   Students will quickly see no need to develop skill in applying obsolete P&P procedures for algebraic manipulation.    Please note, as we wrote earlier, we believe that students most definitely should learn some paper and pencil procedures.    There is a vast difference in demanding precision in a P&P procedure verses learning to explain why the P&P works.   Teachers not willing to change correctly should fear technology.  

What does research tell us?

We have a great deal of evidence from careful research studies that support the use of technology in the teaching and learning of mathematics.    An excellent comprehensive analysis of calculator research has recently been completed by Professor Penny Dunham [Dunham, 1999].

A look to the future – Flash calculators

Until recently, calculators had two types of memory, ROM and RAM.  ROM, or Read Only Memory, can be programmed only once and never changed.  All of the built-in functionality that comes with a calculator is stored in ROM.  ROM is relatively inexpensive, so the amount of ROM used in calculators has increased over the years as more and more functionality has been included.  If there was only ROM memory in your calculator, it would not be possible to enter numbers, or store values into variables, or graph a given function.  For these operations, the calculator needs a type of memory called RAM, or Random Access Memory, that allows new information to be stored.

RAM memory can be re-written an unlimited number of times.  It is used as scratch space during calculations and also as a place where you can store information such as equations, lists, programs, etc.  RAM has the drawback that it requires more power to operate than ROM, an important consideration for low-power, battery-operated devices like calculators.  Also, RAM has the drawback of being relatively expensive.  It is usually the second most expensive part on a calculator, after the display.  Even with the drop in prices over the last few years for computer RAM, calculator RAM prices have not dropped as fast because calculators use a different type of RAM.  To keep the price of calculators low, the amount of RAM in calculators has been restricted.

Flash ROM is a new type of calculator memory first introduced by Texas Instruments that combines both of the benefits of RAM and ROM.  It can be re-written like RAM, although it is limited to some tens of thousands of re-writes.  So Flash ROM can be used for storing new values, but should not be used by programs that perform lots of intermediate calculations, like numeric solvers.  Since Flash ROM is not suited for use as scratch space, calculators still need to have RAM.  Flash ROM is relatively inexpensive like ROM, which means that a calculator can contain large quantities of Flash ROM but still have a low price.  Flash ROM replaces the ROM in TI Flash calculators (currently the TI-73, TI-83 Plus, TI-89, and the TI-92 Plus) and is used to store the functionality (math software) that is included with the calculator.  Flash ROM also provides plenty of additional space for user memory.

What does Flash mean?

· Flash ROM means lots more memory in a calculator.  TI’s Flash calculators have six to ten times the amount of user memory found on non-Flash graphing calculators. 

· Flash ROM means calculators can now be upgraded electronically.  A new version of the built-in functionality (math software), or base code, can be downloaded to the calculator replacing the previous version.  Students will be able to upgrade their calculator and add the latest features without buying a whole new calculator.  Also, TI will be able to distribute maintenance upgrades that improve the underlying system without needing to replace the calculator itself.   This is a feature that is very important and will make calculators boxes last longer.

· Perhaps the most significant implication of Flash ROM is that it enables calculator software applications, also called Flash applications.

What are Flash applications? 

Flash applications are software programs that run on your calculator.  They can do more than user programs because they are written in more powerful software languages (C and assembly language) that tap into more of the underlying calculator system.  Flash applications can also be faster than user programs for the same reason.

Flash applications provide a way of adding on to the built-in functionality, or base code, with additional software that is similar in construction.  Like the base code, Flash applications are stored in Flash ROM and remain there while running.  This means they do not take up valuable RAM space the way user programs do.  It also means that Flash applications stay on your calculator unless you deliberately delete them, and they can’t be accidentally removed by resetting RAM or if the calculator’s batteries die.  To get Flash applications for TI calculators, you first load them to a computer either by downloading them from the Internet ( MACROBUTTON HtmlResAnchor www.ti.com/calc
) or copying them from a diskette. 

What can Flash applications do?

Flash applications can dramatically change the appearance of your calculator, since they are able to control what is displayed on the calculator screen down to the level of individual pixels.  Flash applications are not limited to displaying the menus, home screen, tables, and graphs of a standard graphing calculator but can also display pictures, animations, icons, new types of menus, etc.  Lessons and activities that used to be delivered as worksheets or textbook exercises can be illustrated, animated, and electronically linked to the calculator’s computational features.  For example, Puzzle Tanks is a Flash application for the TI-73 from Sunburst Communications that animates the standard problem of filling tanks with liquid using fixed-size containers 

[See  MACROBUTTON HtmlResAnchor http://www.sunburst.com/new_products_software.html
 ].  It shows the tanks and liquid levels on the display and updates them interactively as the student keys in guesses. 

Flash applications provide a way for the teacher to get a classroom full of the students “on the same page” quickly, because Flash applications can automatically take care of the setup details that are not important to the lesson. The students can also explore more realistic problems because larger sets of real-world data can be used with Flash ROM.  Flash applications can focus your calculator, making it obvious how to follow along with an activity and filtering out features of the calculator that aren’t relevant.  Flash applications can also customize your calculator to work with a particular textbook or curriculum.   For example, da Vinci Technologies has an electrical engineering software Flash application for the TI-89 and TI-92 Plus  [See  MACROBUTTON HtmlResAnchor http://www.ti.com/calc/docs/eepro.htm]
. 

Flash applications can be used to individualize instruction and present the same topic for students of different ability levels.  A Flash application can have a drill and practice level, an intermediate level, and an enhanced level to meet individual needs.  Students can progress through the levels at their own pace, with the Flash application quizzing them to check their readiness for moving on to the next activity level.

Since Flash applications are delivered separate from the calculator hardware, new features can be brought out more frequently because they do not have to wait for a whole new calculator to be released.  Also, features that appeal to specialized audiences are more likely to be implemented now because they can be released as Flash applications and do not have to reach the same level of mainstream demand that was required to justify their inclusion in a calculator.  This separation of calculator software from calculator hardware means that calculators are becoming more like computers as they become platforms for software applications.  The manufacturers of calculator platforms will no longer be the only ones to produce calculator software as students, teachers, authors, education researchers, and software developers get involved in creating Flash applications.

We believe the introduction of Flash calculators by Texas Instruments will become recognized as significant and beneficial as the first scientific calculators and the first graphing calculator were when they were introduced.

References 
Bruneningsen, Chris, and Wesley Krawiec (1998)  Exploring Physics and Mathematics with the CBL System.  Texas Instruments Inc., Dallas, TX

Demana, Franklin and Bert K. Waits (1988)"Pitfalls in Graphical Computation, or Why a Single Graph Isn't Enough”  College Mathematics Journal, Vol. 19, March, 1988.

Demana, Franklin and Bert K. Waits  (1992) “A Computer for All Students,”  Mathematics Teacher, Vol. 84, No. 2.

Demana, Franklin and Bert K. Waits   (1994)   “Graphing Calculator Intensive Calculus:  A First Step in Calculus Reform for All Students”  Proceedings of the Preparing for a New Calculus Conference.  Anita Solow (Editor) MAA Note.  Washington DC

Dunham, Penny  (1999) “Hand-held Calculators in Mathematics Education: A Research Perspective”  In press.

Heugl, H., Walter Klinger, & Josef Lechner (1996)  Mathematikunterricht mit Computeralgebra-Sytemen: Ein Didaktisches Lehrerbuch mit Erfahrungen aus dem osterreichischen DERIVE-Projekt. Bonn, Germany, Addison Wesley Publishing LTD.
Laborde,  Colette (1999) “Vers un usage banalisé de Cabri-géomètre avec la TI 92 en classe de Seconde : analyse des facteurs de l'intégration,” In: Calculatrices symboliques et géométriques dans l'enseignement des mathématiques (Guin D. ed.), Editions: IREM de Montpellier

Ralston, Anthony (1999)  “Let's Abolish Pencil-and-Paper Arithmetic”   The Journal of Computers in Mathematics and Science Teaching.  In Press

Waits, Bert K. and Franklin Demana  (1994) “The Calculator and Computer Precalculus Project (C2PC):  What Have We Learned in Ten Years?”  (with F. Demana), Impact of Calculators on Mathematics Instruction. Monograph, University of Houston.  George Bright, Editor.  University Press of America, Inc:  Lanham, Maryland.  

Waits, Bert K. and Franklin Demana  (1996)  “A Computer for all Students” Mathematics Teacher Vol 89,  No. 9. P 712-714.     

Vonder Embse, Charles and Arne Engebretsen (1996).  “Using

Interactive Geometry Software for Right-Angle Trigonometry”  Mathematics

Teacher, Vol 89 No. 7, 602-605. 


[image: image1.png]


_820586372.unknown

_820586373.unknown

_820586374.unknown

_820586371.unknown

