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CAS in the Classroom: 

Test Questions that Challenge and Stimulate
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Three Possible Impacts of Computer Algebra Systems on Test Questions

· CAS is irrelevant

· CAS makes it trivial

· CAS allows alternate solutions

· CAS is required to solve

Example Questions from Algebra 2 and Precalculus

Linear Equations: 


Electronic Technology Not Allowed
· Solve 4x - 3 = 8

· Solve 7x - 4 = 3x + 2

· Solve Ax + By = C for y

· Solve y = m x + b for x

CAS is Irrelevant
· Find the slope of the line through (3, 8) and (-1, 2).

· Give an explicit definition for the arithmetic sequence  7, 3, -1, -5, -9, …


CAS Allows Alternate Solutions
· Given an arithmetic sequence a with first term t and common difference d, …

Show that a6 + a9 = a3 + a12
Show that if m + n = j + k, then  am + an = aj + ak
· Is the inverse of the general linear function y = a ·x + b also a linear function?  If so, find its slope.  

Quadratic Equations
Electronic Technology Not Allowed
· Solve t2 = 81

· Solve (t - 3)2 = 81

· Solve x2 – 3x + 1 = 0

· Solve a ·x2 + b ·x + c = 0

· Simplify 
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CAS is Irrelevant
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· The TI-89 shows that 
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   (see right).  Show the work that proves it.

CAS Allows Alternate Solutions

· It’s a tie game. Fourth quarter, no time left on the clock.  Anne Hathaway Brown is lined up at the free-throw line.  She shoots, giving the ball an excellent arc with an initial upward velocity of 26.1 feet per second.  Her hand is 5.6 feet high. To the nearest tenth of a second, how long is it before the ball swishes through the net to win the game?  The basket is exactly 10 feet high.
· Susan stands on top of a cliff in Portugal and drops a rock into the ocean.  It takes 3.4 seconds to hit the water.  Then she throws another rock up; it takes 4.8 seconds to hit the water.

(a)  How high is the cliff, to the nearest meter?

(b)  What was the initial upward velocity of her second rock, to the nearest m/sec?

(c)  Which ocean did she drop the rock into?
Inverse of a Matrix

CAS Allows Alternate Solutions

· Find x so that the matrix 
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 does NOT have an inverse.

Exponential Functions

Electronic Technology Not Allowed
· Solve A = A0·(1 + r) t for A0
· Solve 54 = 2·(1 + r) 3 for r

· Solve A = P ·e r ·t for t

· To solve A = A0·(1 + r) t for r, what is the proper order of the following steps?

· Divide by A0
· Subtract 1

· Take the t th root.

CAS Allows Alternate Solutions

· Texas Instruments stock sold for $12.75 per share in November 1997.  In November 2004, it’s selling for $24.10 per share. 

· Find an exponential growth equation giving the price of TI stock over that time.  Show all work.

· If the trend continues, how much will a share of TI be worth in March 2010?

· If the trend continues, when will a share of TI stock be worth $50?
Polynomials and Rational Functions
· Consider the polynomial 
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a. Sketch; label all intercepts.

b. How many total zeros does f (x) have?  _______

c. How many of the zeros are real numbers? ______  Find them.

d. How many of the zeros are NOT real numbers? ______  Find them.


· The function f (x) = -x3 + 5x2 + k∙x + 3 is graphed at right, where k is some integer.  Use the graph and your knowledge of polynomials to find k. 

(for an additional challenge, multiply the polynomial through by a constant)


· The graph at right shows a fourth-degree polynomial with real coefficients, using a somewhat unhelpful viewing window.  What (if anything) can you conclude about the other two roots of the polynomial?

· Find a rational function that meets the following conditions:  

· Two vertical asymptotes at x = 3 and x = -¼ 

· x-intercept (1, 0)

· Approaches y = 2x + 3 as x ( ∞
· Which of the following is NOT true of the graph of the function 
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(A) (0, 2) is a y-intercept

(B) (-2, 0) is an x-intercept

(C) there is a hole (- ⅓, 1 ⅔)

(D) y = 1 is a horizontal asymptote
Technology Can’t Address Everything
· The teachers in the Valley Heights school district receive a starting salary of $30,000 and a $2000 raise for every year of experience.  The teachers in the Lower Hills district also receive a starting salary of $30,000, but they receive a 5% raise for every year of experience.

(a) After how many years of experience will teachers in the two school districts make the same salary (to the nearest year)?

(b) Is your answer in (a) the only solution, or are there more?

(c) Ms. Jones and Mr. Jacobs graduate from college and begin teaching at the same time, Ms. Jones in the Valley Heights system and Mr. Jacobs in Lower Hills.  Will the total amount Mr. Jacobs earns in his career ever surpass the amount Ms. Jones earns?  After how many years (to the nearest year)?

· If 
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[Ohio Council of Teachers of Mathematics 2002 Contest, written by Duane Bollenbacher, Bluffton College]

Follow-up questions:  

· Why is this = 7?  

· If the answer is really 7, shouldn’t there be a way to get that more easily than expanding a big radical expression?
· Find all solutions to 
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[Ohio Council of Teachers of Mathematics 2002 Contest, written by Duane Bollenbacher, Bluffton College]
From a question that arose while studying compound interest:

· A bank advertises a certificate of deposit that pays 3.75% interest, with an annual percentage yield (APY) of 3.80%.  How often is the interest compounded?
· Show that 
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(both are expressions for 
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; the first one uses the angle difference identity and the second one uses the half-angle formulas)

Some Resources:

Drijvers, P. (1998) Assessment and the New Techologies.  The International Journal of Computer Algebra in Mathematics Education, 5(2), 81-93

Fey, James T. , Al Cuoco, Carolyn Kieran, Lin McMullin, and Rose Mary Zbiek, editors. Computer Algebra Systems in Secondary Mathematics Education. Published by the National Council of Teachers of Mathematics, Reston VA, 2003.

Herget, W., Heugl, H., Kutzler, B., and Lehmann, E. (date?).  Indispensable Manual Calculation Skills in a CAS Environment    http://b.kutzler.com/article/art_indi/indisp.htm

Kutzler, B. (2000).  Two-Tier Examinations as a Way to Let Technology In.  http://www.kutzler.com/article/art_exam/exams.htm

Xscl = 1; Yscl = 10


all intercepts are rational





Xscl = 1; Yscl = 1;


all intercepts are integers.
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