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The Implications of Hand-Held Computer Algebra System Calculators 


Throughout the Mathematics Curriculum

Background   


Mathematics education has been undergoing a major transformation nationally for the last decade.  In large measure, this has been sparked by rapid advances in technology that have:


 (a) affected what people now do with mathematics on the job and how they do it,


 (b) provided alternative approaches to teaching and learning mathematics.  

 People in all fields use spreadsheets to analyze trends in data; they use statistical software to analyze collections of data; they use packages such as MathCad to investigate the behavior of the solutions of differential equations that are constructed to model phenomena being studied; they use computer algebra systems (CAS) such as Maple or Mathematica to perform complex algebraic operations.  But, there is almost never a need to factor something like x8 - y8.  In fact, very few people today need to familiar with the full arsenal of algebraic tools that have been taught traditionally. 


At the collegiate level, the changes in mathematics education began with loud calls for reform in calculus for a variety of reasons, including:


● success rates were unacceptably low nationwide (often less than 50% per semester)


● the students coming out of calculus had little if any understanding of the concepts, but had merely memorized appropriate facts or formulas that allowed them to get the right answers to routine, template problems.


● the students could not apply the calculus they had supposedly learned in courses in other fields, either the traditional application areas of physics, chemistry and engineering, or the other disciplines that are rapidly becoming more quantitative, such as biology, economics, and business. 


● most of the focus in what was being taught was routine pencil-and-paper manipulations and techniques that could be done by sophisticated software packages or the then newly released graphing calculators.


Over the last decade, calculus reform efforts have made a huge impact on the teaching and learning of calculus.  According to some estimates, at least one-third of all calculus students in the country now use reform textbooks, most frequently the texts that emerged from the Harvard project;  furthermore, the new editions of all other calculus texts have since been revised to reflect many of the same changes from the reform texts.  The AP calculus course for high school students has likewise been changed in the same spirit.  The reform efforts focus heavily on developing student conceptual understanding by applying what has come to be known as the Rule of Three: All topics should be approached graphically, numerically, and symbolically, unlike in traditional courses where the overwhelming focus was on algebraic manipulation only.  In large measure, this was made possible by the use of graphing calculators or more sophisticated computer technology. 


However, major changes in calculus necessitate comparable changes in the precursor courses that prepare students for calculus, as well as in those courses that follow calculus.  The NSF has funded a number of  major  projects to develop alternatives to traditional precalculus or college algebra courses that are in the same spirit of conceptual understanding and realistic applications. (Sheldon Gordon is the lead author of one of these project texts, Functioning in the Real World: A PreCalculus Experience, developed under the NSF-funded Math Modeling/Precalculus Reform project.) In turn, these efforts have given rise to comparable projects that carry the same ideas and philosophy over to developmental mathematics courses at the arithmetic through intermediate algebra level.  (Arlene Kleinstein is a co-author of Mathematics in Action, developed by the NSF-funded SUNY Consortium for Foundation Mathematics.)  Simultaneously, very widespread reform has affected post-calculus courses such as differential equations, which has changed in a very comparable manner.


Technology has not stood still since the advent of the graphing calculator.  The TI-81 and then the TI-85 essentially provided the tools to allow faculty to implement the graphical aspect of the Rule of Three.  Subsequently, the TI-82 and then the TI-83 provided additional tools to implement the numerical aspect through the use of lists and spreadsheet-like features.


 The newest generation of graphing calculators, such as the TI-92 and the newly-released TI-89 and Casio CFX-9970G, now complete the triad by providing the capability to perform algebraic manipulation.  These calculators will perform operations such as FACTOR, EXPAND, SIMPLIFY, SOLVE, DIFFERENTIATE, and INTEGRATE at the push of a button and literally can solve, almost instantaneously, virtually any problem we would ever have expected even our very best students to do.  Moreover, this CAS capability is both cheap (the TI-89 can be bought for $130) and portable (it fits into a pocket or purse), so there is no longer a need to have access to a computer with an appropriate software package.  
An Overview of the Capabilities of Hand-Held CAS

Before discussing the implications of CAS technology on the mathematics curriculum, we  first consider a variety of examples of what the TI-89 can do, as well as some of the surprises that await the user.

Some “Simple” Arithmetic
1.   If you enter 100!, the calculator responds with

93326215443944152681699238856266700490715968264381621468592963895217599993229915608941463976156518286253697920827223758251185210916864000000000000000000000000

in under 2 seconds.  In response to the command to factor the previous answer, the TI-89 takes another two seconds to give

297 A348 A524 A716 A119 A137 A175 A195 A234 A293 A313 A372 A412 A432 A472 A53 A59 A61A67 A71A73A79 A83A89 A97

(One can think of this as a relatively quick and elegant alternative to the Sieve of Eratosthenes as a method to find all the prime factors up to any given level.)

2.   If you enter 15/32 + 7/24, the calculator gives 73/96.  However, if you enter 2365/197, then the response is 2365/197.  In order to convert this to a decimal equivalent, it is necessary either to use the approx command or to use the “green” key and ENTER to get the more expected form for the answer of 12.0051. (In general, the TI-89 has three modes, Exact, Approximate, and the suggested hybrid mode Auto. In Auto mode, the calculator returns exact expressions when all the inputs are rational numbers or symbols.  However, if any numerical value entered has a decimal point, then all arithmetic operations are performed in decimal mode and the calculator gives the “approximate” answer.  Thus, in Auto mode,  
[image: image1], but 
[image: image2])

 3.  In Auto mode, ln(2) + ln(3) = ln(6); ln(8) = 3 ln(2); ln (30) - ln(8) = ln(15/4); ln(50) + ln(8) = 2 ln(20).  Note, though, that the TI-89 will not accept any input where the closing parenthesis is not specifically entered.  Thus, ln(50 produces an error message about “Missing )”, so that there is a significant increase in the level of mathematical sophistication required of the user.

Some “Simple” Algebra 
1.  The algebra menu includes the commands solve, factor, expand, zeros, approx, comDenom, propFrac, and nSolve, as well as complex arithmetic and trigonometric operations.

2.  In response to factor( x8 - y8), the calculator instantly responds with


(x + y)A(x - y)A(x2  + y2 )A(x 4 + y4 )

3.  In response to expand(( x3 - y)5) (which is the correct syntax), the calculator gives


x15   - 5Ax12  Ay + 10Ax9 Ay2  - 10Ax6 Ay3  + 5Ax3 Ay4  - y5 .

However, in response to expand( x3 - y)5, the calculator only gives (x3 - y)5.

4.  Having done the above operation correctly, if you ask the calculator to factor the answer, the response is simply (x3 - y)5.

5.  In response to [image: image3.wmf]x
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 ADVANCE \u 7, the calculator gives x + 2, but there is no indication that x ≠ 2.

6.  In response to solve(x4 - 4Ax2 - 6 = 0, x), the calculator gives



[image: image4]  or 
[image: image5].

However, in response to solve(x4 - 4Ax2 + 6 = 0, x), the calculator gives false, since there are no real zeros.

7.  In response to solve(3Ax2 - 4Aa = 0, x), the calculator gives



[image: image6]   and  a ≥ 0   or  
[image: image7]   and  a ≥ 0

8.  In response to solve(ax + by = c, x), the calculator gives 0 = c  - ax  - by, since it treats the expressions ax and by as distinct variables..  However, in response to solve(a*x + b*y = c, x), the calculator gives 



[image: image8].

9.  To solve an equation to find the doubling time of an exponential growth process with a growth rate of 6%, say, that starts with an initial value of 100, one could enter


solve( 100*1.06t = 200, t)

and the calculator responds with t = 11.8957.  However, if you want the answer expressed symbolically, then you might have to enter the equation instead as


solve( 100*(1+6/100)t = 200, t)

and so get the response



[image: image9],

which does tend to obscure where the quotient 53/50 in the denominator comes from.

10.   In response to solve( x3 - 2 x2 - 15 x + 36 = 0, x), the calculator gives x = 3 or x = -4, but there is no indication that there is a multiple root, let alone which of the two values is the multiple root.  Similarly, in response to zeros(x3 - 2 x2 - 15 x + 36, x), the answer is {-4   3}.

11.  In response to solve(x4 -  x3  - 2 x2 + 6 x - 4 = 0, x), the calculator gives x = 1 or x = -2, but gives no indication that there is also a pair of complex roots.  To get them, one needs to access the commands for complex arithmetic in the algebra menu.  One option is to use csolve instead of solve; in this case, the response is


x = 1 + i   or  x = 1 - i   or  x = 1   or  x = -2.

We note that, strangely, the complex solutions are listed before the real solutions.

12. In response to factor(x4 -  x3  - 2 x2 + 6 x -  4 = 0, x), the calculator gives 


(x - 1)A (x - 1)A(x2 - 2Ax + 2).

However, in response to cfactor(x4 -  x3  - 2 x2 + 6 x -  4 = 0, x), the result is


(x - 1)A (x - 1)A(x + -1 + i)A(x - (1 + i)).

13.  In response to ln (x2), the calculator gives ln (x2).  However, in response to 


ln ( x2) ∣ x > 0

the calculator gives 2 Aln(x).  (The vertical bar ∣ is one of the keys on the keyboard and can be thought of as representing either “and” or “subject to”.)  Clearly, though, this kind of operation raises the level of conceptual understanding significantly; one cannot simply push buttons and expect that all algebraic operations will be performed without a substantial level of mathematical knowledge.

Some “Simple” Trigonometry 
1.  As part of the algebra menu, the TI-89 has a pair of trigonometry commands, tExpand and tCollect.  Note that the cotangent, secant, and cosecant are not intrinsically defined; however, the user is able to define them if desired.

2.  In response to tExpand(sin(5A x), the calculator gives


-16A(sin(x))3 A(cos(x))2 + 4 Asin(x)A((cos(x))2 + sin(x).

3.  In response to tcollect(ANS), the calculator gives sin (5 Ax).

Some “Simple” Calculus
1.  The primary Calculus menu includes the commands: differentiate, integrate, limit, sum, product, fMin, fMax, arcLen, taylor, nDeriv, nInt, and deSolve; there are also keys directly on the keyboard for symbolic differentiation and integration.  A secondary Math menu includes such calculus-related capabilities as Zero, Minimum, Maximum, Derivatives, Integral, Inflection, Tangent, and Arc.  These graphical/numerical rather than symbolic functions are accessible only from an active graph.

2.  The symbolic differentiate function will find the derivative of virtually any function.  For instance, for the function f(x) = x5/3  - x2/3, the calculator will return 



[image: image10]
If the factor command from the algebra menu is then applied, say as factor (ANS), then the calculator responds with 



[image: image11]
from which one can easily read off the zero at x = 2/5 and the vertical asymptote at x = 0.  The two expressions for the function and its derivative can also be graphed to display the information visually.

3.  A slightly more challenging problem is to ask for the derivative of something like


sin(ln(Arctan(x/(x+1))).

In approximately one second, the TI-89 quickly responds with



[image: image12]
4.  A considerably more challenging problem is to ask for the indefinite integral of the previous answer.  Again, in approximately one second, the calculator responds with the original function.

5.  Consider 
[image: image13].  To evaluate this by hand, one would have to introduce the simplifying substitution u2 = x to eliminate the radical in the exponent; this leads to 
[image: image14], which requires 7 successive applications of integration by parts.  In response to the command to perform the original integral, the TI-89 gives



[image: image15]
in under two seconds.  To push the calculator a little, one can ask that this answer be integrated in turn; the response takes almost six seconds.

6.  The derivative of the tangent function appears in the form 1/(cos (x))2 on the TI-89, which is the notation adopted in the Harvard Calculus text.  In comparison, the TI-92 uses 1 + (tan (x))2 instead.

7.  In response to taylor (tan x, x, 0, 5), the calculator gives
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If the evaluation point is changed, as in taylor(tan x, x, 0, π/4), the calculator gives the corresponding result in terms of decreasing powers of x, not the expected powers of (x - π/4).

The Implications of Hand-Held CAS Technology

With examples such as the ones above in mind, it is patently unfair to our students to make the development of traditional manipulative skills the centerpiece of any course – the students will lose the competition.  Even the best of them will never be more than an imperfect organic clone of a $130 machine!


When this symbolic manipulation capability was available only on a computer, it could be ignored as being too inconvenient to require of all students, except possibly in a particular course.  Now that CAS technology is available on a machine that can always be in a student’s possession, we face the challenge of deciding how it impacts our courses and of rethinking all of those courses. 
The question we must address is: What is the best way to respond to this newest level of technology?  There are essentially three options available:

● We can try to ignore this technology completely (whether or not we give reform versions of our courses) in the hope that it will go away.

● We can adapt the content of our courses to reflect the existence of these machines, though not       necessarily require their use by the students.  

But, that means that students will not see certain topics or be trained in specific algebraic skills – will this harm them in the long run?

● We can integrate the use of this technology into our courses and require each student to own (or      at least find ways to provide each student access to) such a calculator.  

We already require the students to purchase a more traditional graphing calculator;  the new TI-89 only costs marginally more.  But that means students may be doing many of the traditional algebraic topics, including calculus-level manipulations, using technology, not by pencil and paper.  Will they learn enough to be able to use it wisely?  Will the different  approach be acceptable to faculty in other areas?


Furthermore, mathematics faculty at all colleges have complained for years about students coming into all courses with increasingly weak algebraic skills.  The automatic reaction has been to place more and more of these students into remedial offerings in an attempt, usually not terribly successful, to raise their  manipulative skills to what  was traditionally considered an appropriate level.  In turn, this has resulted in explosive growth in the remedial and developmental areas at the expense of upper level courses at almost all institutions.  In turn, at most colleges today, on the order of 60-80% of the mathematics department’s resources are expended at the remedial level.


The advent of hand-held CAS technology perhaps provides the opportunity to break this cycle.  Remedial courses could potentially change dramatically to focus on non-traditional, non-remedial topics that:

• are intellectually and conceptually challenging; 

• contain realistic applications of the mathematics instead of routine drill; 

• are far more motivating to the students in terms of convincing them of the value of the subject;  

• are more likely to encourage the students to pursue further courses of a quantitative nature, both      in mathematics and in other disciplines.  


For example, in the time gained by de-emphasizing some algebraic manipulation skills, students could examine real-world data from almost any source (including data collected in lab experiments in other courses) to detect and analyze the mathematical patterns.  They can use technology to construct functions that model the patterns in the data.  They can raise questions in the context of the data and use the mathematical model to answer them.  This paradigm, which we already use in some precalculus-level courses, can totally change the experience in the developmental courses.  It also much better reflects the way that most people actually use mathematics in almost any walk of life today.


Alternatively, students could potentially be placed into higher level courses because there is less need to remediate their algebraic deficiencies.  But the key questions we need to address are: What is the potential cost to the students in the sense of their never developing all the traditional manipulative skills?  Is the trade-off  reasonable and acceptable?


On the other hand, the first exposure to a calculator as sophisticated and complex  as the TI-89 can be very daunting, even to faculty members who are comfortable with the use of technology.  We can only guess at the high level of intimidation that would accompany many students’ first look at such a machine, especially students who have had little, if any, prior experience with graphing calculators or who have had little prior experience with or success in mathematics.  We fear that the overriding reaction would be fear and confusion.  Moreover, using such a calculator at even a moderately successfully level requires learning and following a host of rules without error.  For example:

$ 
parentheses must be included in the appropriate places; 

$ 
the order of operations is critical; 

$ 
knowing which commands are located on which menu is essential; 

$ 
the calculator demands that the student use the appropriate syntax ;

$ 
the format of the answers provided may be different from what one expects;   

and so forth.  Yet, many of the students coming into the lowest level courses are there precisely because they lack the ability to understand and follow the basic rules of arithmetic and algebra; they typically have very poor verbal skills, which is probably a primary reason that they experience such difficulties with the mathematics.  The use of a calculator such as the TI-89 thus seems, to us, to represent another level of complexity for the weakest students.  Such a calculator may well be far less of an educational aid than a major new hindrance at the developmental level. 


It is clear, though, that changing the curriculum to reflect the existence of hand-held CAS technology is not something that should be done without careful planning and thought.  A de-emphasis on hand manipulation in the precursor courses will likely mean that students will lose some degree of algebraic facility.  As such, it is essential that we, as mathematics educators, determine the key manipulative facts that we believe every student must possess.  These certainly would include the ability to expand something of the form (a + b)2 by hand; it would also include the ability to recognize and factor simple trinomials; it would include having the ability to recognize and apply some fundamental trigonometric identities.  


Hopefully, by not being overwhelmed and confused by the full array of algebraic techniques, the principal methods will stand out more clearly in students’ minds.  It is also possible that, by examining a far greater number of examples without getting mired in the details of actually writing out all the work, many students may come to develop a better level of recognition of these critical patterns. 

Implementing Hand-Held CAS Technology

We believe that it is unconscionable to completely ignore the existence of hand-held CAS technology.  Not only does it already exist widely, but its use will certainly expand.  Students in upper division courses in the hard sciences routinely use comparable CAS software packages.  At many schools, packages such as Maple and Derive are fully integrated into freshman calculus.  Moreover, the TI-89 calculator is allowable for the SAT test, the AP Calculus test,  and other standardized high school tests.  (The TI-92 is not acceptable solely because it has a QWERTY keyboard and ETS is solely concerned about the security of its questions!)  Consequently, we should expect that large numbers of high school teachers will quickly arrange for their precalculus and calculus-level students to be equipped with such calculators to give the students the greatest possible “edge” when taking these tests.  Often, this will mean requiring the students to buy the calculators, and so those students will soon walk into our classes already owning them.  And, the calculator companies are undoubtedly already working on the subsequent models that will go well beyond the capabilities of today’s seemingly miraculous machines. 


Therefore, the first of the three choices we suggested above, that of completely ignoring this technology in the hopes that it will go away, is not really a reasonable or viable option, other than in the very short run.


So let’s address the question of how the use of CAS technology can be implemented.  First of all, it is likely that several of the standard mathematics offerings – introductory statistics,  finite mathematics, and survey of mathematics, for example – will not be affected by this technology.  They are very well served by software and graphing calculators without CAS capability.  However, virtually every other course in the entire mathematics curriculum,  from developmental arithmetic and algebra up through calculus and differential equations and beyond to upper division offerings such as real variables, complex variables, probability and statistics, and operations research, is likely to be impacted in some significant ways, if only in terms of the skills and approaches that students will bring from precursor courses.


Yet, as we also pointed out above, the use of such technology would likely be more of a hindrance than a help in the lowest level math offerings.  If nothing else, picture the amount of classroom time and energy that would have to be devoted to introducing the use of each of the capabilities of the calculator, and the numerous times it would be necessary to repeat those instructions, and the time needed to assist each of the students individually every time they did not follow the directions explicitly.  It is very easy to envision a classroom situation in which the technology would almost completely displace the mathematics as the primary focus, and this is totally unacceptable.  Technology should only be introduced in the service of the teaching and learning of the mathematics. 


Therefore, we believe that it is not appropriate to incorporate this kind of technology in the lower-end courses at all.  However, the existence of this technology clearly requires that we rethink the content of these courses to reflect what manipulative and related skills students actually need to spend time on, and effort at, developing.  


At the other extreme, by the time students have reached the level of multivariable calculus and differential equations, say, it seems unreasonable to deny them the use of this type of technology.  We have already observed a number of students at this level who have purchased either the TI-92 or the TI-89 and who have been using it in our courses.  Interestingly, they do not use the calculators as crutches to replace hand calculations.  Rather, they use them as investigatory tools to go well beyond the obvious as well as to check the accuracy of their work.  


Consequently, the issue seems to reduce to deciding to what extent hand-held CAS technology should impact calculus-level offerings.  We address this specifically in a set of recommendations in the next section.


It should be evident that the curricular issues raised by this hand-held CAS technology are far too broad to be considered one course at a time.  The implications of implementing, or even simply acknowledging, these capabilities affect each and every mathematics offering to its core.  For that matter, it is not reasonable or fair for one individual or even a group of faculty members in a department to adopt this kind of technology; its implications would have far too great an impact on student preparation for all subsequent courses.  Instead, the use of hand-held CAS technology is something that must be adopted, if at all, on a department-wide, if not college-wide, basis and that kind of fundamental academic decision requires detailed study, careful thought on the part of all faculty, and eventual unanimous agreement among all the mathematics faculty.  Part of this requires that all faculty become familiar with the use of CAS technology, so that they can fully appreciate the ease (as well as the difficulties and the surprises) of its use.


In addition, the implications for adopting such a technology have direct impact on other disciplines at the college as well.  When the SUNY Farmingdale math department moved to adopt the TI-85 calculator many years ago, it was done in conjunction with all the other quantitative departments who adopted it as the official calculator in their courses as well.  For example, the chemistry department now uses the TI-85, along with a package of calculator programs the chemistry faculty personally developed, as the backbone for all of their lab offerings.   The calculator is used in conjunction with the CBL (Calculator Based Laboratory) unit to collect actual lab data, which is then stored in the calculator and the students use the statistical features of the calculator to analyze the data.  If the mathematics department decides to adopt a calculator with CAS capability, the chemistry faculty will have to adapt their calculator programs and potentially revise their lab assignments and manuals to reflect the change as well.  Comparable efforts may be needed in physics and other disciplines.  More significantly, faculty in these areas would have to readjust to having students perform much of their manipulative work on a machine.  In particular, this clearly would have a very significant impact on tests in all disciplines.

Specific Recommendations for the SUNY Farmingdale Mathematics Department
● All mathematics faculty should familiarize themselves with the capabilities of the TI-89 calculator, if they have not already done so.

● We definitely do not think that the TI-89 or any comparable technology is appropriate for student use in any course below MTH 130 (Calculus for technology students). 

● We have serious reservations about whether the TI-89 or any comparable technology is appropriate to MTH 150-151 (Calculus I and II for mathematics/science/engineering students).  It is not clear how much “symbol sense” might be lost.  However, we think that the coverage of topics such as techniques of integration should be further reduced since any integral we would ever expect a student to do can be performed using the technology.

● The use of the TI-89 may be appropriate for students in MTH 130 provided that either:


(a) the department decides to allow such technology in MTH 150, or


(b) MTH 130 is not considered as an alternative prerequisite for MTH 151.  

● The use of the TI-89 and/or comparable technology should be integrated into MTH 252(Calculus III) and all courses above it.  In particular,


➣ The department may require that all students purchase a TI-89


➣ The department may obtain a set of TI-89 calculators and provide them to students on a long-term loaner basis.  This could be accomplished via a refundable deposit.  Alternatively, the department could provide access to a set of departmental calculators in a lab or special classroom where the calculators would be stored and made available only during class hours.  The calculators could be obtained through a combination of the TI-volume purchase program, purchase through the departmental budget or the college technology budget, and outside funding.


➣ The department may strongly recommend the purchase of a TI-89 and, in order to provide students who cannot afford buying a calculator, the department could provide access to comparable software packages, such as Derive and Maple, for student use during classes, which would have to be scheduled in a computer lab. 

● Given the existence of such technology, course coordinators and other faculty concerned with algebra-track courses below MTH 130 should rethink all such courses.  In particular,


➣ they should examine the current content of each course to see which topics/types of problems are affected by hand-held CAS.


➣ they should create a proposed list of the key manipulative facts and formulas that they deem absolutely essential for every student taking the course.
 
➣ they should create a proposed alternative draft for the course that reflects the possible content changes made possible by the use of hand-held CAS.


➣ they should develop detailed plans for implementing such a change, including the necessary faculty training and development, especially for part-time faculty.


➣ they should contact faculty in other departments to ascertain their reactions to the potential changes and to stimulate their  thinking about the consequent changes in their own courses.

● The department should pursue grant proposals that would support the development and implementation of this large-scale curriculum reform effort.  Among other things, the grant could pay for:


➣ summer stipends to develop materials related to the changes in the courses


➣ released time to assist in the initial implementation and assessment of the changes.

 
➣ purchase of calculators, computers, and/or software needed to implement the changes.


➣ salaries of technical support personnel needed to staff a departmental academic computer lab on an open drop-basis.


➣ comparable support needed by faculty from the other disciplines affected by the changes who might need to implement comparable changes in their own courses/programs.
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● All mathematics faculty should familiarize themselves with the capabilities of the TI-89 calculator, if they have not already done so.

● We definitely do not think that the TI-89 or any comparable technology is appropriate for student use in any course below MTH 130. 

● We have serious reservations about whether the TI-89 or any comparable technology is appropriate to MTH 150-151.  It is not clear how much “symbol sense” might be lost.  However, we think that the coverage of topics such as techniques of integration should be further de-emphasized since any definite or indefinite integral we would ever expect a student to evaluate can be performed using the technology.

● The use of the TI-89 may be appropriate for students in MTH 130 provided that either:


(a) the department decides to allow such technology in MTH 150, or


(b) MTH 130 is not considered as an alternative prerequisite for MTH 151.  

● The use of the TI-89 and/or comparable technology should be integrated into MTH 252 and all courses above it.  In particular,


➣ The department may require that all students purchase a TI-89


➣ The department may obtain a set of TI-89 calculators and provide them to students on a long-term loaner basis.  This could be accomplished via a refundable deposit.  Alternatively, the department could provide access to a set of departmental calculators in a lab or special classroom where the calculators would be stored and made available only during class hours.  The calculators could be obtained through a combination of the TI-volume purchase program, purchase through the departmental budget or the college technology budget, and outside funding.


➣ The department may strongly recommend the purchase of a TI-89 and, in order to provide students who cannot afford buying a calculator, the department could provide access to comparable software packages, such as Derive and Maple, for student use during classes, which would have to be scheduled in a computer lab. 

● Given the existence of such technology, course coordinators and other faculty concerned with algebra-track courses below MTH 130 should rethink all such courses.  In particular,


➣ they should examine the current content of each course to see which topics/types of problems are affected by hand-held CAS.


➣ they should create a proposed list of the key manipulative facts and formulas that they deem absolutely essential for every student taking the course.
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● The department should pursue a grant proposal to the joint UUP/SUNY Technology Initiative Program that will fund the initial planning efforts outlined above.

● The department should pursue a grant proposal to NSF that would support the development and implementation of this large-scale curriculum reform effort.  Among other things, the grant could pay for:


➣ summer stipends to develop materials related to the changes in the courses


➣ released time to assist in the initial implementation and assessment of the changes.

 
➣ purchase of calculators, computers, and/or software needed to implement the changes.


➣ salaries of technical support personnel needed to staff a departmental academic computer lab on an open drop-basis.


➣ comparable support needed by faculty from the other disciplines affected by the changes who might need to implement comparable changes in their own courses/programs.
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department to adopt this kind of technology; its implications would have far too great an impact on student preparation for all subsequent courses.  Instead, the use of hand-held CAS technology is something that must be adopted, if at all, on a department-wide, if not college-wide, basis and that kind of fundamental academic decision requires detailed study, careful thought on the part of all faculty, and eventual unanimous agreement among all the mathematics faculty.  Part of this requires that all faculty become familiar with the use of CAS technology, so that they can fully appreciate the ease (as well as the difficulties and the surprises) of its use.


In addition, the implications for adopting such a technology have direct impact on other disciplines at the college as well.  When the SUNY Farmingdale math department moved to adopt the TI-85 calculator many years ago, it was done in conjunction with all the other quantitative departments who adopted it as the official calculator in their courses as well.  For example, the chemistry department now uses the TI-85, along with a package of calculator programs they personally developed, as the backbone for all of their lab offerings.  The calculator is used in conjunction with the CBL (Calculator Based Laboratory) unit to collect actual lab data, which is then stored in the calculator and the students use the statistical features of the calculator to analyze the data.  If the mathematics department decides to adopt a calculator with CAS capability, the chemistry faculty will have to adapt their calculator programs and potentially revise their lab assignments and manuals to reflect the change as well.  Comparable efforts may be needed in physics and other disciplines.  More significantly, faculty in these areas would have to readjust to having students perform much of their manipulative work on a machine.  In particular, this clearly would have a very significant impact on tests in all disciplines.

Specific Recommendations
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