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Test Questions When Students Have Computer Algebra Systems
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Students now have access to inexpensive and powerful Computer Algebra Systems, including Mathematica, Maple, Derive, and the handheld TI-89 and TI-92 calculators.  Widespread access to similar systems will change the kind of questions we ask our students to solve.  This session will look at some lessons learned in two years of teaching students with CAS, cover some approaches tried by various international researchers, and perhaps open larger cans of worms about what we should be teaching in the 21st century.

Some Resources:

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

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

Meagher, M. and Kutzler, B. (1999).  Exam Questions for the TI-89/92 and DERIVE.  Unpublished manuscript.  Contact:  meagher.10@osu.edu  or Kutlzer through web site above.
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Categories of Questions from Drijvers

· Technology [partially] Not Allowed 
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Allowed but not advantage

· Recommended and useful, but not rewarded

· Required and rewarded

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

Technology Allowed but no Advantage

· 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, …


Technology Recommended but not Required

· 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.  

Technology Required and Rewarded

· The table and graph below show the voter turnout in Ohio for Presidential Elections from 1980 to 2000 [source: Ohio Secretary of State, http://www.sos.state.oh.us/sos/results/index.html] .  The regression line for this data is y = -.00458 x + 9.83115  where x is the year and y is the percentage of registered voters who cast ballots (65% = .65)


Year
Turnout

1980
73.88%

1984
73.66%

1988
71.79%

1992
77.14%

1996
67.41%

2000
63.73%

a. Use the equation to predict the percentage of voters who participated in the 2004 election.

b. The actual voter turnout in 2004 was 69.86%.  How does this compare to your answer to (a)?  Give some reasons that might explain why it was different from the regression line prediction.

c. In what year (nearest presidential election) does the line predict a voter turnout of only 50%?

d.
Multiple Choice. The slope of this line is about -.0046.  What does this mean?

(A) The average voter turnout decreased by 0.46% per year (1.84% every four years).

(B) The average voter turnout decreased by 0.46% every four years.

(C) The average voter turnout decreased by .0046% per year.

(D) There is very little correlation between the variables.

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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Technology Required and Rewarded

· 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?
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.

Technology Required and Rewarded

· 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

· 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
· 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?


Technology Can Get In The Way

· 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 
[image: image7.wmf]÷

ø

ö

ç

è

æ

12

sin

p

; the first one uses the angle difference identity and the second one uses the half-angle formulas)
Xscl = 1; Yscl = 10


all intercepts are rational





Xscl = 1; Yscl = 1;


all intercepts are integers.





A wide-open frontier …





Kutzler also focuses on this





The favorite categories of standardized-test makers
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Hathaway Brown School
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